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Abstract 
Protection of Earth’s natural systems takes many forms, with the establishment of 
nature reserves dedicated and managed to achieve long-term protection a key 
global intent.  While efforts continue to increase the area encapsulated within the 
global protected area network, the United Nations Millennium Development Goals 
Reports of 2011 and 2013 conclude that management of nature reserves continues 
to be inadequate or ineffective.  A survey of nature reserve managers in Australia 
confirms management is an ongoing issue and provides information on what 
managers are using to assist with their management activities.   
If good management equates to meeting the objectives defined for a nature reserve, 
then understanding what is management is a precondition to improving 
management.  A systems approach underpins the identification of essential aspects 
of nature reserve management to be used as the basis for creating a model of a 
generic nature reserve management system.  A model that can be used by on-the-
ground nature reserve managers to reflect on what influences, or has impact on, 
their management role and how they could improve their management to assist in 
meeting the objectives of their reserve.  The nature reserve management system 
model is an architecture description expressed in the standardised systems 
modelling language (SysML) and developed using an architecture framework 
incorporating aspects of governance, specifically the United States Department of 
Defense Architecture Framework  - DoDAF. 
A proof-of-concept of the generic nature reserve management system model is 
demonstrated via two case studies.  The results of these demonstrations support 
the value of a nature reserve management system as an aid to management, the 
application of DoDAF to a non-military context, and the use of three new practical 
tools to aid in identifying DoDAF model elements.  The proof-of-concept also 
indicates the same approach may be applicable in developing a generic 
management system capable of tailoring to other specific domains.  
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Chapter 1  
Overview 
Humans have altered this planet permanently at levels 
equivalent to that of many past geological events that 
have justified major divisions of geological time.  As we 
accept responsibility for the anthropogenic biosphere we 
have created and begin to practice the planetary 
stewardship we have earned in the Anthropocene, we can 
only hope that human systems will continue to evolve in 
their capacity to create and sustain the biosphere we 
want and need. 
Erle C Ellis (2011, p. 1029) 
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1 Overview 
1.1 Introduction	
In conformance with the requirements of the Australian National University for the 
degree of Doctor of Philosophy, a dissertation has been prepared which describes 
exploratory research undertaken to develop a model for a system representing the 
management of nature reserves – the Nature Reserves Management system or 
NRM system.   
The remainder of Chapter 1 comprises an overview of that research together with 
information outlining the development of the NRM system and the potential 
contribution of the research outcomes. 
1.2 Initial	motivation	and	research	aim	
The initial motivation for the research stemmed from a conflation of three separate 
interests:   
i) systems analysis - as applied to the development of software, and in 
particular software ensuring continued operation of democratic principles 
in electronic voting solutions;  
ii) management – from over a decade of management of a software 
development company, pursuant to 15 years as a Senior Executive in the 
Australian Public Service, including five years managing human 
resources and information technology; and 
iii) involvement in a local community group, the Greenways Renewal 
Working group (GRoW).  ‘Greenways’ is a collective term used to refer to 
a network of protected access ways/corridors for walkers, riders and 
wildlife that is maintained in the Bywong & Wamboin areas of Palerang 
Council in New South Wales.  GRoW aims to identify new areas for 
enjoying the local area amenity via non-motorised means together with 
their future management.  GRoW is working with the community to 
identify suitable additional access ways for protection and to promote 
their use, with the intention of enhancing the area for people and the 
natural fauna and flora.   
As a consequence, the research undertaken has traversed systems and software 
engineering, management, and environmental research and management, in effect 
cross-discipline research. 
Part I 
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Preliminary research, as summarised in Chapter 2, establishes that management of 
nature reserves (or protected areas) is an ongoing issue, extremely important in 
today’s world.  Yet current management is assessed as inadequate and/or 
ineffective (United Nations, 2011 and 2013). 
The preliminary research also assists in clarifying the research aim as being to 
develop a model of a generic NRM system which could be used by on-the-ground 
nature reserve managers to reflect on what influences, or has impact on, their 
management role and how they could improve their management to assist in 
meeting the objectives of their particular reserve. 
1.3 Thesis	scope		
The research reported encompasses the process for development of a model of a 
NRM system but does not include translation of that model into an operational 
system.  Existing software tools have been used to capture the model and intended 
operations, including the use of standard modelling languages  - Unified Modeling 
Language (UML) and Systems Modeling Language (SysML).  The same process 
could be used to guide development of a domain specific language specifically for 
managing within the environment domain, but such an exercise is beyond the scope 
of the current research.  
1.4 Thesis	structure		
The structure of this dissertation is depicted in Figure 1.1 as an activity diagram 
from the Unified Modeling Language (OMG, 2010b), and is based on a technique 
adopted by Flint (2006).  Each chapter in the dissertation is represented as an 
activity (grey rounded box), with the directed arrows between them representing the 
flow of ideas and results of the research.  Objects on the diagram (white square 
boxes) represent contributions made by the research. 
There are three Parts to the dissertation, as represented by the vertical partitions of 
the activity diagram in Figure 1.1.  An outline of each Part and Chapter thereof 
follows. 
1.4.1 Part	I	–	Introduction	
Part I comprises four chapters.  Chapter 1 is the current chapter, which provides an 
overview of the dissertation and identifies the cross-disciplinary nature of the 
research.  The importance of adequate and effective nature reserve management is 
established in Chapter 2 - Background.  
Chapter 1 Overview  
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Figure 1.1 - Activity diagram representing the structure and flow of ideas and 
results throughout the dissertation  
 
The other two key disciplines encompassed, and there relationships to nature 
reserves, are established in Chapter 3 – Management and Chapter 4 – Modelling.  
1.4.2 Part	II	–	Contribution	
Part II comprises two chapters.  Chapter 5 is based on a survey of managers of 
nature reserves in Australia, with emphasis on current reserve management 
practices and tools used.  Chapter 6 details the development of a model for the 
NRM system using the preferred modelling approach established in Chapter 4. 
1.4.3 Part	III	–	Discussion	and	conclusion	
There are two chapters forming Part III.  Chapter 7 comprises two case studies in 
which the developed model for the NRM system is tested as a proof-of-concept.  
Chapter 8 is a summary of the research, outcomes and contributions, leading to 
proposals for further research towards creation of an operational model of the NRM 
system. 
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1.5 Summary	of	contribution	
The research made public through this dissertation provides contributions to 
knowledge as follows: 
• a nature reserve management (NRM) system model based on adoption of a 
systems approach, via use of an architecture framework, for better 
management of nature reserves;  
• evidence, from a survey undertaken, of the limited adoption of management 
approaches and tools in nature reserve management, and that nature 
reserve stakeholders are not recognised as including non-humans;  
• the survey questionnaire and data (Appendix E) to enable replication or 
comparison with other survey results 
o the current survey indirectly provides data on four of the features of 
Australia’s National Reserve System Strategy (National Reserve 
System Task Group, 2009) but with only one sample point no 
conclusions can be drawn; 
• demonstration of the use of the selected architecture framework in a 
completely different context (non-defence) to its original development 
context (defence); and 
• three practical constructs created as part of development of the NRM system 
model that can be used more widely to assist in applying the selected 
architecture framework 
1)  to more easily identify operational rules - a matrix comprising rule 
type (dichotomous (Yes/No) and number (value) specific) by 
constraint type (mission, operation and business) (section 7.3.5.3.6), 
2) for the identification of management data - a matrix comprising 
‘information required’ and ‘information generated’ by each performer 
in the model (section 7.3.5.3.9), and  
3) to aid in comprehending the interconnections between model 
elements and determining which views should be modelled for a 
particular nature reserve – a matrix cross-referencing generic nature 
reserve management functions with each of the viewpoints of the 
selected architecture framework (section 6.7) 
!  with such cross-referencing of management functions with 
architecture viewpoints having applicability across any 
management environment  
                                                                                             Chapter 2 Background 
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Chapter 2  
Background 
Humanity is slowly reaching a consensus that the human 
species occupies a commons called planet Earth for 
which all of us bear collective responsibility. …. All 
humanity must join in a mutual effort to ensure the 
survival of a healthy Earth.  …  A little leadership at the 
highest level could go a long way toward forestalling the 
day when the bell tolls requiem for nature. 
John Terborgh (2004, p xiii) 
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2 Background 
2.1 Introduction	
To set the scene for this research, a frame of reference for examining the 
management of nature reserves is defined in section 2.2, and in section 2.3 a basis 
is established for claiming there is a problem with the management of nature 
reserves, and that a systems modelling approach may provide a way forward.  
Normally, scientific modelling is used as the basis for environment management 
activity.  Why a systems modelling approach is preferred is outlined in section 2.4.  
Section 2.5 details the approach taken for the research, providing explanations for 
the chapters on management (Chapter 3), modelling (Chapter 4), results of a survey 
of nature reserve managers (Chapter 5), creation of the model of the NRM system 
(Chapter 6), with proof-of-concept of the model via two case studies in Chapter 7. 
2.2 Frame	of	reference	
In the context of the management of nature reserves, the nature reserves being 
considered are those encapsulated by the International Union for the Conservation 
of Nature (IUCN) definition of a protected area: 
A nature reserve, or protected area, is “a clearly defined geographical 
space, recognised, dedicated and managed, through legal or other 
effective means, to achieve long-term conservation of nature with 
associated ecosystem services and cultural values” (Dudley, 2008, p.8). 
According to the IUCN in 2010, existing protected areas are then managed “for their 
present and future conservation values, in a dynamic environment, under climate 
change” (Dudley et al 2010, p.93).  Exactly what conservation means in the IUCN 
context of ‘conservation values’ is unclear, although conservation is usually 
interpreted as being to conserve, protect and restore.  Herein, conservation is 
defined as “preservation, protection, or restoration of the natural environment, 
natural ecosystems, vegetation, and wildlife” (Oxford Online Dictionary).  Whether or 
not any of conservation, preservation, protection or restoration, is used in relation to 
the management of protected areas, is not within the purview of this research.  In a 
similar vein, whether natural resources in protected areas should or should not be 
accessible by indigenous peoples or for commercial activities is not an issue for this 
research.  The recognition that these aspects impact on protected areas is important 
Part I 
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only to the extent of understanding how they need to be taken into account in the 
management of nature reserves and the intended model of the NRM system. 
Protection of the environment operates at international, national, regional and local 
levels, and involves statutory and non-statutory bodies as well as private 
organisations and individuals.  Management can therefore be at:  
• an international level through international treaties (e.g. in respect of the 
preservation of species that migrate between countries or live in the oceans 
not included within national boundaries),  
• the national level by a country’s government (e.g. establishment and 
maintenance of National parks, terrestrial or marine),  
• a region or state/province level by the second tier of government within a 
country (e.g. State parks and forests or reserves), and  
• the local level by the third tier of government or by individuals (e.g. Council 
reserve or private property set aside for conservation) or other environment-
related organisations that may be managed and/or maintained by volunteers. 
At whatever the level a nature reserve is managed, the influences on the reserve 
are not just local.  Potentially significant non-local influences include:  
• climate change;  
• extreme events, such as volcanic eruptions and the consequent dispersal of 
volcanic ash clouds around planet Earth; and  
• the outcomes of the ability to easily transport material and people around the 
globe, such as, oil spills, destruction of ecological systems (e.g. islands 
invaded by rats from passing ships) and the rapid spread of diseases. 
Hence, in order to more fully appreciate and comprehend the NRM system, a frame 
of reference that encompasses all of the above and any other potential influences 
should be set. 
2.2.1 Nomenclature	
IUCN classified protected areas frequently include one of the following terms in their 
name: reserve, nature reserve, national monument, park and wilderness.  Herein, 
‘nature reserve’ and ‘protected area’ have been adopted as equivalent generic 
terms for protected areas; however, when a referenced author has used a particular 
term, e.g. national park, then that term has been used when citing that author’s 
work.  A list of all such terms used and their meanings is provided in the Glossary. 
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2.3 Management	of	nature	reserves	–	a	problem	
The need to establish and maintain protected areas is internationally recognised.  Of 
a potential 195 countries, 194 are parties to the Convention on Biological Diversity 
(CBD) of which Article 8 (a) states: 
“Each Contracting Party shall, as far as possible and as appropriate: 
(a) Establish a system of protected areas or areas where special 
measures need to be taken to conserve biological diversity” (United 
Nations, 1992) 
In 2010 the Conference of the Parties to the CBD agreed to targets of at least 17 
per cent of the world’s terrestrial areas and 10 per cent of coastal and marine areas 
be protected by 2020 (United Nations, 2010 Target 11).  Yet, simply declaring an 
area as ‘protected’ is no guarantee to reducing biodiversity loss (United Nations, 
2011 p. 51).  ‘Effective management’ is considered essential for the future of 
protected areas and to maintaining biodiversity (Lockwood et al, 2012 location 5221; 
United Nations, 2013 p.45). 
Notwithstanding the recognition that effective management is considered essential, 
current management of nature reserves: 
• Is inadequate in maintaining biodiversity (Dudley et al, 2010 p.84; United 
Nations, 2011 p.51);  
• fails to optimise services provided by nature reserves, such as contribution 
to climate change (Dudley et al, 2010 p.72) and human health and well-
being (Stolton & Dudley, 2010 p.7); 
• needs to take into account global influences on ecosystems and livelihoods 
(Millennium Ecosystem Assessment, 2005) 
• reflects decisions made in isolation of scientific information (Thomas, 
undated); 
• is viewed as a public policy issue that is a ‘wicked problem’ (Australian 
Government, 2007, p.21); 
• is no longer the preserve of governments (Australian Government, 2012); 
and 
• is being undertaken by people without the necessary specialist and 
management skills (The Management Standards Consultancy, 2011, p.2). 
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Each of these nature reserve management related issues is examined further in the 
following subsections 2.3.1 to 2.3.8.  
2.3.1 Maintaining	diversity	via	protected	areas	
At the 2000 United Nations Millennium Summit, 189 Heads of State and 
Governments signed onto the ‘Millennium Declaration’ (United Nations, 2000).  
While the primary objective of the Millennium Declaration is to rid the world of 
extreme poverty by 2015, Section IV of the declaration addresses protecting ‘our 
common environment’ with reference to a new ethic of conservation and 
stewardship, including i) the “management, conservation and sustainable 
development of all types of forests”, and ii) stopping the “unsustainable exploitation 
of water resources by developing water management strategies at the regional, 
national, and local levels” (United Nations, 2000).  Pointedly, management is 
identified as separate to conservation and sustainability. 
Further, Goal 7B of the Millennium Declaration is to reduce biodiversity loss, with 
the target of achieving by 2010 a significant reduction in the rate of loss.  The world 
missed the 2010 target for biodiversity conservation, even though the proportion of 
protected terrestrial and coastal waters increased, reaching 12.7 and 7.2 per cent 
respectively in 2010.  For comparison, total protected area was 7.5% in 1990 and 
9.5% in 2000 (United Nations 2002, p.30).  While the continuing increase over the 
20-year period in the proportion of protected area is viewed by the United Nations 
as ‘encouraging’, the United Nations claims that an expansion of protected areas 
“will only deliver benefits for biodiversity, if they are well managed and supported” 
and “despite the overall increase in protected ecosystems, biodiversity is still in 
decline, owing to inadequate management of existing sites and gaps in the 
protection of areas deemed priorities for conservation” (United Nations, 2011 p.51) 
(emphasis added).   
The 2013 report on the Millennium Development Goals (United Nations, 2013, 
pp.45-46) while citing further increases in the percentages of protected area – to 
14.7% for terrestrial and 9.7% for coastal waters, also cites the Convention on 
Biological Diversity (United Nations, 1992) as seeking to conserve at least 17 per 
cent of the world’s terrestrial areas and 10 per cent of coastal and marine areas by 
2020 through a global protected area network that is effectively and equitably 
managed. 
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While management of protected areas is assessed as being inadequate at the 
international level (United Nations, 2011) or needing to be effectively and equitably 
managed (United Nations, 2013), neither of the reports cited details how or what 
was or should be measured or assessed in terms of management to determine a 
conclusion of ‘inadequate’ or ‘ineffectively’ managed.  Lockwood et al (2012, 
location 2942 in Chapter 2,) in the context of managing protected areas, use the 
expression “ineffective management (objectives not being achieved)” suggesting 
that ineffective management can be interpreted as the objectives of a protected area 
not being achieved.   
2.3.2 Protected	areas	and	climate	change	
Dudley et al (2010, p.19) report the Intergovernmental Panel on Climate Change 
(IPCC) as identifying protected areas as essential in mitigating and adapting to 
climate change. 
The IUCN Protect Areas and Climate Change Turnaround project – PACT 2020 has 
the aim to “Ensure that protected areas and protected area systems are recognised 
as an important contribution to climate change adaptation/mitigation strategies for 
biodiversity and human livelihoods” (IUCN-WCPA, undated).  PACT 2020 involves a 
number of research activities demonstrating how protected areas are a proven tool 
for maintaining essential natural resources and services.  More specifically, one of 
the six ways in which the role of protected areas in climate response strategies can 
be increased has been identified as “increasing protected area management 
effectiveness” (Dudley et al 2010, p.72). 
A range of issues has been identified as needing to be considered in relation to 
managing protected areas under climate change, including:  
i) implementing management effectively to minimise existing stresses on 
protected areas and thus strengthen their resilience to climate change, 
and  
ii) changing management to build the skills and knowledge needed to 
manage protected areas under conditions of climate change and to 
integrate protected areas into wider efforts to mitigate and adapt to 
climate change (Dudley et al 2010, p.93; Hyder Consulting, 2008, p.xvi). 
Hyder Consulting (2008, pp. xviii and xxii) specifically refers to management 
activities in relation to climate change being limited to managing to minimise non-
climate related pressures, such as human disturbance, and invasive species and 
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pollution in marine parks, and fire, weeds, and introduced pest animals in terrestrial 
parks. 
Hence, both ‘changing management’ and ‘achieving effective management’ have 
been identified as important elements to maximising the contribution that protected 
areas can make to climate change mitigation strategies.  
2.3.3 Protected	areas	and	health	benefits	
Stolton & Dudley (2010) set out the case for establishing that protected areas 
contribute positively to human health and well-being.  Specifically, they identify two 
management-related aspects to sustaining the health benefits derived from 
protected areas:   
i) direct benefits that come from the conscious management of ecosystems 
to reduce the risk of disease, and  
ii) indirect benefits related to management activities within protected areas 
that contribute to better health.  For example, such management 
activities could encompass support for recreational pursuits within a 
protected area. 
Use of the expression ‘management of ecosystems’ is considered in section 3.2. 
2.3.4 Natural	resource	management	and	livelihoods	
Holling & Meffe (1996, p.334) propose a ‘Golden Rule’ of natural resource 
management as follows:  “Natural resource management should strive to retain 
critical types and ranges of natural variation in ecosystems. That is, management 
should facilitate existing processes and variabilities rather than changing or 
controlling them.” 
As the human population on Earth grows, so too does the demand for natural 
resources to sustain the increasing human population.  Drawing on the results of the 
Millennium Ecosystem Assessment (2005), Fischer et al (2007, p.621) state “For the 
first time in human history, our activities are so pervasively modifying our own life-
support system that the ability of the Earth to provide conditions suitable for our 
species [i.e. humans] to thrive can no longer be taken for granted.”  Given this 
conclusion, Fischer et al (2007, p.624) propose constructing conceptual frameworks 
that foster deeper understanding of the dynamics of our complex world, and 
acknowledging sustainability demands that “modern consumer culture shift from the 
paradigms of conquest to paradigms of connectivity”.  The latter reflects the 
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dissonance between the ideas of humanity as the conqueror of nature, and 
humanity as part of the wider biotic community (Leopold, 1966).   
One year after Fischer et al (2007), Foley (2008, p.1)) refers to every corner of the 
globe having been mapped with ‘man’ seeking to use all of it, and the need to use 
systems thinking to find solutions if man and the rest of planet Earth is to survive.  
Pointedly he notes that there is no waste in ecosystems, and that global effects are 
not tied down to any community or particular problem.   
Dovers (2009, p.5) refers to improved livelihoods, community resilience, human 
safety, resource efficiency and ecological conservation as “Things we should 
already have done or should be doing, and where there are serious implementation 
deficits.” 
Considered from a global perspective as identified by Foley (2008), Fischer et al 
(2007) and Dovers (2009), adoption and implementation of the ‘Golden Rule’ for 
natural resource management (that is, management should facilitate existing 
processes and variabilities rather than changing or controlling them) appears even 
more important than in 1996, with conceptual frameworks (Fischer et al, 2007) and 
systems thinking (Foley, 2008) offering suitable approaches to understand what has 
to be managed.   
2.3.5 Disjoint	between	management	and	research	
A conceptual model of the interface between ecological research and management 
(Figure 2.1) comes from Thomas (undated) who gave it the label a ‘cynic’s 
conceptual model’.  From her experience management decisions (highlighted) were 
being made in isolation of the information available from ecological research.  Also, 
that ecological research was being undertaken for the purposes of publication rather 
than for the benefit of improving management of the ecosystems being researched.  
In the Preface to Boyce & Haney (1997), Jack Ward Thomas reflects similarly with 
the comment “All too often we see science divorced from management.”  
Management within software engineering displays similar disconnections (Boehm, 
2006 p.12; Royce, 2005; and Zavala-Ruiz, 2008 p.19). 
Figure 2.1 also illustrates many of the uncertainties that environment managers 
have to take into account in their decision making: insufficient data, unknown 
accuracy/reliability of the data, incomplete theory for understanding the data, 
simulations based on unrealistic assumptions, and poor diagnostic tools.  Although 
not part of the original diagram from Thomas, potentially there is feedback from 
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‘Further misunderstanding’ to ‘Theoretical misunderstanding’ and this is represented 
as a dotted line in Figure 2.1. 
 
Figure 2.1 – Conceptual model of the interface between ecological research 
and management, after Thomas (undated) 
2.3.6 A	‘Wicked	Problem’	
Nature reserve management is seen as a public policy issue and recognised as a 
‘wicked problem’, that is, extremely complex and not easily solvable (Australian 
Government, 2007).  In Head’s (2008, p.102) interpretation of the original Rittel and 
Webber (1973, p.160) definition, a wicked problem is “inherently resistant to a clear 
statement of the problem and resistant to a clear and agreed solution”.  Horn & 
Webber (2007, p.5) warn of two dangers associated with wicked problems: 
• ‘Complexity’: not being well enough understood deters progress in resolving 
problems, and 
• ‘It’s politics’: complex problems resist resolution because stakeholders 
“believe that they have rights not only to strongly held opinions about 
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proposed solutions, but also about the methods, motivation and meaning of 
any serious effort to address the problems.” 
In contrast, Balint et al (2011, p.6) view the identification of natural resource 
management as a ‘wicked problem’ as positive.  With no optimal solution to a 
wicked problem, the manager “is released from the impossible task of finding the 
one correct response”.  In an earlier publication, Balint et al (2006) conclude that 
then current practices used to address wicked problems - the precautionary 
principle (section 2.3.6.1; and Harding & Fisher, 1994), adaptive management 
(section 3.4.3) and public participation (Marris & Rose, 2010), are insufficient in 
themselves to produce acceptable decision processes, primarily because they are 
insufficient for resolving issues of scientific uncertainty and differing stakeholder 
values (i.e. what defines a wicked problem).  This conclusion is reaffirmed in Balint 
et al (2011). 
2.3.6.1 The Precautionary Principle 
The 1998 Wingspread Conference (SEHN, 1998) released a consensus statement 
defining the Precautionary Principle: “When an activity raises threats of harm to 
human health or the environment, precautionary measures should be taken even if 
some cause and effect relationships are not fully established scientifically.  In this 
context the proponent of an activity, rather than the public, should bear the burden 
of proof.”  Notably, the Precautionary Principle includes reference to ‘harm to … the 
environment’.   
Applying the Precautionary Principle to the current research of protected area 
management, leads to the proposition to consider all organisms within such an 
environment, not just humans, who could be affected by a decision.  In other words, 
the stakeholders of the protected area are not just humans but all living organisms 
impacted upon by management of the area (refer stakeholders in section 5.6 (i)). 
2.3.7 Privately	managed	reserves	
In addition to public participation, management also needs to take into account that 
a significant proportion of nature reserves are privately owned.  Where once nature 
reserves were almost entirely within the control of governments, this is no longer the 
situation.  For example, 25% of Australia’s reserve area is privately owned and 
managed, including those owned and managed by indigenous people (Australian 
Government, 2012). 
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2.3.8 Inadequate	management	skills	
Environmental managers are now recognised as requiring two different skill sets:  
engineer/scientist and business manager (American College of Management and 
Technology, 2008, p.1).  The latter, business manager skills, are essential if 
protected area managers are to meet the following needs (as identified by Kopylova 
& Danilina, 2011, p.1):  
- understand economy, financial management, strategic and financial planning, 
marketing and legal issues, 
- be quite skilled in communications, public relations and government relations, 
- be competent in visitor management, public relations and marketing, sales, 
infrastructure management,  
- have fund raising skills, and 
- have skills in project management and reporting, plus 
- be representative of all stakeholders, given the conclusion of section 2.3.6.1. 
Based on research into actual levels of knowledge and skills of environmental 
managers in the United Kingdom, 20 skills/knowledge gaps across both specialist 
and management skills were identified.  Specifically, the gaps in management skills 
are: written communication, project and contract management, management and 
accessibility of data, influencing and stakeholder engagement, financial 
management, and risk analysis and management (The Management Standards 
Consultancy, 2011, p.5).   
From a practical perspective, Dudley et al (2010, p. 93) identify a number of issues 
having implications for planning and management of protected areas, of which two 
management-related issues are pertinent:  
• ‘effective management’ – to minimise stresses on protected areas; and 
• ‘changing management’ - to build the skills and knowledge needed to 
effectively manage protected areas. 
Lacking appropriate management skills is clearly an issue for protected area 
managers, and potentially a significant factor in the assessment that protected areas 
are being inadequately managed (section 2.3.1).  Understanding what is required of 
management involves not only having the necessary management skills but also 
comprehending the context in which those skills are to be applied.  In this case, that 
means understanding the system in which the management of a nature reserve is 
undertaken. 
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2.3.9 Finding	a	way	forward	
The natural environment is under increasing pressure. The 2010 targets to halt 
biodiversity loss have been missed and climate change is impacting on species 
distribution and survival, as well as the availability of natural resources.  In this 
context, the management of protected areas is critical to the ongoing health of all 
organisms on planet Earth, yet recent assessments continue to show that current 
management is inadequate or ineffective (United Nations, 2011, 2013).  In addition, 
managing in today’s environment involves a range of management activities and 
associated skills not previously recognised as essential for effective management of 
protected areas.  
In the first decade of the 21st Century the use of systems and systems thinking were 
suggested as approaches to improving the management of protected areas (section 
2.3.4), but there is evidence of only limited application of them in this context.  On 
this basis the question to be answered is: Can systems modelling (as expounded in 
section 2.4 and Chapter 4) provide a way forward to better management of nature 
reserves? 
2.4 Management	of	nature	reserves	–	a	systems	modelling	approach	
2.4.1 Systems	and	modelling	
According to Kramer & Smit (1977) the essence of using models is so that a formal 
‘image’ of a system can be made which is easier to study than the system itself.  
‘Image’ because there must be a resemblance between the model and the system, 
and the model must contain information about the system being modelled.  
However, as Kramer & Smit (p.71) explain, when using models there are always at 
least two independent systems: the system under study and its model.  That is, the 
model of a system is also a system.  As a consequence, systems thinking and 
systems analysis are directly applicable to modelling.   
Kramer & Smit (p.6) propose that systems thinking has the following functions: 
i) the development of a common language, and 
ii) to give an insight into the methodology inherent in the systems approach. 
More recently, Page (2012, p.10) specified three key reasons for using models, 
which are in essence a rephrasing of Kramer & Smit:  
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• models provide a means for transforming data and information into 
knowledge; 
• models impose logic on the thinking process and provide conditions under 
which intuition/assumptions hold and don’t hold; and 
• models ease communication by providing common languages. 
Further, each model is a lens, and to make sense of complex processes many 
lenses are required (Page, 2012 p.17). 
These are precisely the objectives behind development by the Object Management 
Group (OMG) of standard modelling languages (OMG, undated) and specifically the 
systems modelling language (SysML) (OMG, 2010a). 
Bellamy et al (2001, p.408) in a paper on a systems approach to the evaluation of 
natural resource management state “Existing models of evaluation of natural 
resource management and planning are fragmented in terms of reconciling the 
different domain perspectives in evaluation, do not provide an integrated evaluation, 
and are not sensitive to the social, economic, policy/institutional, and environmental 
context within which performance is assessed.” 
Although not management specific, Jakeman et al (2008, chapter 1) also identify 
limitations with environmental modelling, as: 
• not applying standards; 
• not clearly linking design with application;  
• not eliminating ambiguity; and  
• not having a framework to support reusability and interoperability. 
Again, these four limitations have been addressed via the concepts and unified 
standardised languages from the OMG. 
The environment domain is complex  - systems within systems within systems – and 
involving many domains.  Using a domain independent systems modelling approach 
as developed by the OMG, has the potential to guide development of a metamodel 
language (ontology) for the environment domain and via appropriate modelling 
uncover new insights into how to address environmental issues.  Such an exercise 
is beyond the scope of the current research.  However, using a systems modelling 
approach to investigate the management of nature reserves provides a means to 
identify and test potential aspects of such an ontology. 
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2.4.2 What	is	meant	by	‘model’	
Within the context of software/systems development model-driven approaches are 
used for many activities, including requirements gathering, business analysis, 
process modelling, systems design, service definition, systems integration, solutions 
design, automatic transformations, and metadata management (Guttman & Parodi, 
2007, p.xviii).  According to Sommerville (2011, p.119-120) ‘systems modelling’ is 
the process of developing ‘abstract models’ of a system, where the ‘abstract models’ 
represent different views of that system and comprise ‘graphical models’ based on 
standard graphical notation, such as OMG’s UML.  The ‘graphical models’ are used 
to facilitate discussion about a system and to document that system.  Others refer to 
‘pictorial representations (models)’ (Rao et al 2011, location 5505) or simply to using 
graphical notation to build ‘models’ (Starr 2002, p.3).   
According to Rao et al (2011) models as pictorial representations have the following 
properties: 
• use symbols that are universally understood within a profession 
• relate symbols with meaningful lines 
• are consistent, use same symbol and line set for same representation 
• though pictorial in nature, also use text annotation 
• are geared towards specific audiences, and 
• are used as commonly understood representations across stakeholders. 
Further understanding of ‘model’ is obtained from examination of the difference 
between ‘model’ and ‘sketch’ (after Starr 2002, p.239): 
Model           Sketch 
• Formal representation • An informal diagram 
• Must use standard graphical 
notation 
• Can use any symbols 
• Yields an unambiguous 
interpretation 
• Can be read and quickly 
understood and/or misinterpreted 
• Can be integrated with other 
modelled concepts, all using 
standard notation 
• Stands alone 
• Is an abstraction (of all cases) • Describes real examples 
 
Given these different interpretations of model from the literature, to ensure 
unambiguous understanding, ‘model’ in the context of this research is defined as a 
representation in diagram format using standard terminology and formats.   
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For most situations multiple interconnected model diagrams or views, or lenses in 
Page (2012, p.17) terminology, are required to provide a complete, or holistic, 
description of the specific situation – in this case, the management of nature 
reserves.  Initially such views are likely to be static views reflecting model 
components and their connections, expressed in terms of relationships and data.  
Incorporation of information dealing with model components whose behaviour can 
differ over time, a model component’s lifecycle, leads to dynamic views.  
2.4.3 What	is	not	meant	by	‘model’	
Modelling is a standard technique in scientific research, which has been described 
as “involving a process of generating abstract, conceptual, graphical and/or 
mathematical models” (Wikipedia – scientific modeling).  The models may be 
constructed with software packages, or even translated into software, for ease of 
repetitive ‘running’ under changing variable circumstances.  An ever-growing 
collection of methods, techniques and theory about all kinds of specialised scientific 
modelling now exists.  
Scientific modelling of natural environments is extensive too, with many different 
approaches and tools developed and, in many cases, adopted as decision support 
mechanisms (see for example Swayne et al, 2010).  These can range from simple 
mathematical equations to complex agent modelling frameworks such as GAMA1.  
In general, the modelling undertaken in the environmental sciences follows the 
traditional scientific approach (empirical observation, theory formulation, theory 
testing, theory revision, prediction control, the search for lawful relationships and the 
assumption of determinism) with some limited consideration of techniques such as 
systems thinking. 
When used in the management of natural environments, scientific modelling is the 
norm.  For example, forestry management has been extensively investigated and 
modelled, including the development of adaptive management (Holling, 1978), but 
such approaches were primarily centred on maximising the economic yield rather 
than conservation, or even sustainability, of a natural environment.  However, recent 
research indicates the benefits of managing for sustainability and resilience are now 
being recognised (Walker et al, 2009). 
‘Model’ in this research context does not mean such scientific modelling. 
                                                
1 GAMA (Gis and Agent-based Modelling Architecture) is a generic agent-based modelling simulation 
platform (Drogoul, 2013) 
2 In systems engineering, systems within systems are referred to as system-of-systems. 
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2.4.4 Summary	 of	 systems	 modelling	 approach	 to	 the	 management	 of	
nature	reserves	
Scientific modelling underpinned with mathematical algorithms is not the type of 
modelling of the NRM system envisaged in this research (Chapter 4).  Instead, the 
research is centred on adopting systems modelling in its broadest sense 
(encompassing systems within systems2, processes (including management), life-
cycles, living and non-living elements) and using interpretative models as described 
in section 2.4.2, as a way to address the shortcomings of context and domain 
perspectives identified by Bellamy et al (2001, p.408) (section 2.4.1).   
2.5 Understanding	the	management	of	nature	reserves		
Potentially there are many ways to present a systems approach to the management 
of nature reserves.  The approach adopted herein involves four steps: 
Step 1: Determine what management means in the context of nature 
reserve management, specifically in terms of aspects of 
management 
Step 2: Establish what people (either directly or indirectly involved in nature 
reserve management in Australia) are adopting to assist with their 
management  
Step 3: Explore how nature reserve management can be modelled 
Step 4: Examine the usefulness of a model for nature reserve management 
via two case studies 
2.5.1 Meaning	of	management	(Step	1)	
Throughout sections 2.1 to 2.4 management has been used without any clear 
definition or interpretation as to what it means.  In Chapter 3 the context for 
management of nature reserves is determined (section 3.2), an operational 
definition of management is adopted (section 3.3), aspects of management are 
derived from current research (section 3.4) and a framework for management 
aspects proposed (section 3.4.6).  Management aspects from nature reserve 
legislation are then addressed (section 3.5) followed by management conclusions 
(section 3.6).  
 
                                                
2 In systems engineering, systems within systems are referred to as system-of-systems. 
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2.5.2 Survey	(Step	2)	
The National Reserve System in Australia is a network of protected areas aimed at 
conserving examples of natural landscapes, together with their native flora and 
fauna, for future generations.  Specific strategies for Australia’s National Reserve 
System include protected area planning and management, incorporating for each 
protected area a management plan and the use of adaptive management, and the 
maintenance and ongoing acquisition of core scientific data and information to 
inform planning and management (National Reserve System Task Group, 2009).   
An email notified web-based survey of people engaged in the management of 
nature reserves in Australia, is used to help identify what information is actually 
being used in managing nature reserves, including the use of different approaches 
to, and tools for, supporting management. The survey results (Chapter 5) provide 
insights into existing management practices within nature reserves and other 
features for consideration in analyses from a systems perspective for development 
of a general model for the NRM system (Chapter 6). 
2.5.3 Modelling	(Step	3)	
Modelling is an accepted practice in any endeavour where mutual understandings 
are being sought.  By explicitly stating the assumptions that are being used to create 
a model, a mental or implicit model (of a real world system) can be translated into 
visual representations (graphic or text) intended for unambiguous interpretation by 
others.  Visual representations, including use of common language and specified 
rules for reading them, provide a means to challenge assumptions, identify potential 
ambiguities and assess completeness of the model. 
Modelling methods have been classified into three categories (Badham, 2010, p.2):  
1. qualitative aggregate,  
2. quantitative aggregate, and  
3. individual oriented.   
Each category represents a number of methods all of which have seen direct 
application in environmental modelling.  Their application, specifically in relation to 
the management of nature reserves, is examined in Chapter 4 and their 
inadequacies identified compared to the potential benefits from adopting a systems 
modelling approach.  
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2.5.3.1 Model for the NRM system 
Based on the review of modelling approaches referred to in section 2.5.3, together 
with the more detailed discussion of modelling (sections 2.4.1 and 2.4.2), a systems 
analysis model, specifically created for the NRM system, is developed.  The model 
incorporates the concept of multiple views of the management of nature reserves, 
and for each view there are a number of interconnected models (Chapter 6). 
2.5.4 Application	of	model	(Step	4)	
The validity or usefulness of the model developed at step 3 (Chapter 6) is assessed 
via application to two examples of nature reserve.  The two reserves were chosen 
because of prior knowledge of the extent of management applied at each, which 
represent the extreme ends of the management spectrum.  The least managed 
reserve, Barren Grounds Nature Reserve, is representative of the many nature 
reserves in Australia where there is limited management presence (Leverington et 
al. 2010, p.81).  The second reserve, Archbold Biological Station, is representative 
of reserves that have had on-site management since inception.  Both reserves have 
a history of on-site research.   
Although approximately the same size, the two reserves also differ in respect of 
ownership, landscape type and location.  Table 2.1 provides details of size, major 
landscape type, if managed on/off-site, ownership and location for the two reserves.   
The results of the two case studies are provided in Chapter 7.  
 
Table 2.1 - Characteristics of two reserves selected for model validity and 
usefulness 
Reserve Size 
(hectares) 
Landscape Managed Ownership Location 
Barren Grounds 
Nature Reserve  
2024 Heathland/ 
Woodland 
Off-site Government NSW 
Australia 
Archbold Biological 
Station 
2100 Florida 
Scrub3 
On-site Private Florida    
USA 
 
                                                
3 Florida scrub is an endangered temperate coniferous forest ecoregion, with low-nutrient 
sandy soils, and dominated by shrubs and dwarf oaks.  
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2.6 Summary	
The management of protected areas is critical to the ongoing health of all organisms 
on planet Earth, yet current management is considered inadequate or ineffective 
(United Nations, 2011, 2013).  
The use of systems and systems thinking has been suggested as an approach to 
improving the management of protected areas (Foley, 2008; Fischer et al, 2007), 
but there is evidence of only limited application of them in this context.  Therefore, 
two aspects are examined in order to identify a way forward to better management 
of nature reserves.  The first is a clarification of what management means in the 
context of the management of nature reserves (Chapter 3) and the second is the 
adoption of a systems approach to modelling the NRM system (as espoused in 
section 2.4 and Chapter 4). 
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Chapter 3  
Management 
No part of a system should be changed without 
understanding its effect on the whole and determining that 
this effect is beneficial. 
Ackoff (1999, p 9) 
The management paradigm fails when confronted with 
complex problems where there are no clearly defined 
objectives and a plethora of mutually contradictory 
approaches, each of which is plausible in a particular frame 
of reference.  Ludwig (2001, Abstract) 
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3 Management 
3.1 Introduction	to	management		
In order to adopt a systems perspective and enable modelling the management of 
nature reserves system, a clear understanding is necessary as to what 
management of nature reserves refers.  To gain that necessary understanding, 
management has been examined from the perspectives of ‘management context’ 
(section 3.2), what is management (section 3.3), and what currently is being 
managed and how (section 3.4).  A definition of the context of the management of 
nature reserves is established (section 3.2), and a broad range of activities and 
issues impacting on such management are identified (sections 3.3 and 3.4) and 
collated (Appendix A) before being reviewed (section 3.4.6).  Additional 
management aspects from legislative provisions impacting on nature reserves are 
identified (section 3.5), followed by conclusions on management (section 3.6). 
3.2 Management	context		
There are many potential interpretations of ‘management context’ when referring to 
management of nature reserves, depending on the discipline of the reader.  Terms 
used to describe environment-related management contexts and their definitions are 
provided in Table 3.1.  Each definition has a particular emphasis, albeit an 
underlying theme of them all is protecting the environment for the present and the 
future to some greater or lesser degree.  The management context terms and their 
definitions provided in Table 3.1 are included in full to enable easy referral when one 
of these terms is mentioned in later sections. 
Drawing on these definitions a very broad interpretation of context has been 
adopted herein in order to maximise the range of issues that could be encountered 
in managing a nature reserve.  Consequently, any model of a nature reserve 
management system to be developed must support inclusion/exclusion of any 
identified issue.  Specifically, the context for the term management of nature 
reserves is defined herein to refer to: 
 
the management of any area that has been identified for the protection of 
habitats including living organisms within that habitat, irrespective of any 
statutory or non-statutory identification assigned to the area, whether the 
area is managed privately, by government or other environment 
organisation, and whether or not the area is subject to sustainable 
resource usage.   
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Table 3.1 - Management context definitions 
Management context Definition 
Community natural 
resource management 
“A commitment to involve community members and institutions in 
the management and conservation of natural resources” (Kellert 
et al 2000, p. 706) 
Ecosystem 
management 
“… integrates scientific knowledge of ecological relationships 
within a complex socio-political and values framework toward the 
general goal of protecting native ecosystem integrity over the long 
term” (Grumbine 1994, p 31) 
“… represents an evolving philosophical approach to managing 
natural resources.  Rather than managing multiple resources 
independently, an ecosystem approach focuses on the collective 
management of all resources and maintaining ecological integrity 
while allowing resource extraction. This approach seeks to ensure 
the co-existence of healthy, fully functioning ecosystems and 
human communities and development” (Leech et al 2009, p. 1) 
Ecosystem-based 
management 
“… is preferable to ecosystem management because it 
[ecosystem-based management] reflects the notion that the 
principle [principal] activity is the management of human 
interactions with the ecosystem rather than the ecosystem itself 
“(Pirot et al 2000, Note on p. 1) 
Environmental 
management 
A term not defined in the literature, but used in the title of two 
journals and common vernacular: 
i) “Environmental Management offers research and opinions on 
use and conservation of natural resources, protection of habitats 
and control of hazards, spanning the field of applied ecology 
without regard to traditional disciplinary boundaries.”  
(http://www.springer.com/environment/environmental+manageme
nt/journal/267) 
Note: There is no actual mention of management in the 
description of this journal. 
ii) the Journal of Environmental Management (JEM) publishes 
“peer reviewed, original research for all aspects of management 
and the managed use of the environment, both natural and man-
made.” 
The JEM provides “a forum for the discussion of environmental 
problems around the world and for the presentation of 
management results.  It is aimed not only at the environmental 
manager, but at anyone concerned with the sustainable use of 
environmental resources.” (from Aims and Scope of the Journal of 
Environmental Management at 
http://www.journals.elsevier.com/journal-of-environmental-
management/) 
Environmental 
resources 
management 
“… is a purposeful activity with the goal to maintain and improve 
the state of an environmental resource affected by human 
activities. Management should guarantee services provided by the 
resource (e.g. water for irrigation, fisheries), prevent damages 
(e.g. flooding) and maintain the state of the resource for the use of 
future generations (e.g. preserve groundwater resources) but also 
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Management context Definition 
respect the maintenance of the integrity of ecosystems as a goal 
in itself (e.g. maintenance of a good ecological state of rivers).”  
Also referred to as integrated environmental resources 
management. (Pahl-Wostl 2007, p.1) 
Natural resource 
management 
“… planned and active manipulation of ecosystems and 
processes for human benefit.” (Holzman 2007, Slide 2) 
“… is about managing the way in which people and natural 
landscapes interact“ (Natural Resources Commission 2012, p. 1). 
“… managed use of the environment, both natural and man-
made” (from Aims and Scope of the Journal of Environmental 
Management at http://www.journals.elsevier.com/journal-of-
environmental-management/) 
Nature reserve 
management 
… managing a tract of land (i.e. terrestrial reserve) so as to 
preserve its flora, fauna, and physical features. 
This definition is based on statutory definitions of nature reserve, 
as in, for example, New South Wales (2012), Scottish Natural 
Heritage (2000, p. 4) and Tasmania (2002a). 
Marine nature reserve is used where there is a component of off-
shore waters included in the reserve e.g. beach and foreshore, 
and marine reserve for off-shore waters where no land forms part 
of the reserve. Management is the same as for nature reserve.  
Protected area 
management 
The IUCN (1994) defines a protected area as: An area of land 
and/or sea especially dedicated to the protection of biological 
diversity, and of natural and associated cultural resources, and 
managed through legal or other effective means. 
There are six categories of protected area and seven 
management objectives identified as primary, secondary or other 
to each type of protected area. (IUCN 1994) 
Sustainable 
management of 
protected areas 
“… is the application of sustainable practices in the environment 
by managing them in a way that will benefit current generations 
and future generations.” 
(Wikipedia – sustainable management) 
Sustainable resource 
management 
“… aims at securing the physical basis of society and economy in 
the long run and in a way that neither resource extraction or use 
nor subsequent final disposal of waste and emissions exceed the 
capacities or tolerable limits of nature or society respectively 
(Bringezu 2002, p. 7) 
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3.3 What	is	meant	by	‘management‘	
3.3.1 Definitions	
3.3.1.1 Dictionary Definition 
Management primarily refers to activities (e.g. planning, organising, staffing and 
leading) associated with getting one or more people together to accomplish desired 
goals and objectives using available resources (e.g. human, financial, technological 
and natural) efficiently and effectively.  (Collins Dictionary, 1988; Collins online and 
Oxford online http://www.collinsdictionary.com/dictionary/english/management; 
http://oxforddictionaries.com/definition/management?q=management) 
Management being defined primarily as activities is not a recent interpretation.  
Gulick (1937, p.13) coined the acronym POSDCORB to capture management as 
activities.  POSDCORB stands for: P – planning; O – organising; S – staffing; D – 
directing; CO – co-ordination; R – reporting; and B – budgeting.  The first four 
activities (POSD) are immediately recognised in the above current dictionary 
definitions, with directing now referred to as leading.  The remaining four activities, 
CORB, are reflected in current definitions as getting people together, and using 
available resources efficiently and effectively. 
3.3.1.2 Definition from standards of management 
Somewhat more recently, in 2008, the standards of management from the American 
National Standards Institute (2008a and 2008b) refer to management as processes 
(initiating, planning, executing, monitoring and controlling, and closing) with each 
process comprising a set of actions and activities.  Importantly, individuals 
undertake such actions and activities. 
3.3.1.3 Definition from management studies 
In management studies Bose (2006, pp.1-7) found many interpretations of 
management that he summarised as: 
• an art or technique of getting things done through and with people, 
• a process of planning, organising, staffing, directing and controlling the 
efforts of human resources in the use of material resources, 
• a distinct activity of an organisation, concerned with the effective utilisation of 
resources of the organisation, 
• a discipline which represents a body of knowledge, and 
• denoting a group of people who together perform managerial activities. 
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With the exception of management being a discipline, the other four interpretations 
involve human activity, which aligns with the dictionary and standard definitions of 
management.  The fact that management is considered a discipline does not add to 
the understanding of what management is in the context of nature reserve 
management.  
3.3.1.4 Definition conclusions 
Based on definitions of management offered in sections 3.3.1.1 to 3.3.1.3, the 
operational definition of management adopted herein is as follows: 
Management is activities undertaken by one human, or 
more working together, to achieve agreed objectives. 
Accepting then that the general meaning of management is human activity, this is 
reflected most in the definition of ecosystem-based management in Table 3.1, 
where management refers to the management of human interactions with the 
environment rather than managing the environment itself.  This is an important 
distinction, as Harmon (1994 p.97) explains.  Ecosystems are complex and self-
organising, and respond to external and internal forces in both predictable and 
unpredictable ways.  “To say that humans can manage something as complex as an 
ecosystem, something of which they are part, is an expression of human 
arrogance.”   
An underlying premise then for the current research on the management of nature 
reserves is that: 
management in this context refers to management of 
human activity and its influence on the nature reserve. 
3.3.2 Managing	to	objectives	
According to Stanley Vance, as quoted by Jain et al (2006, p.112) and by MBA 
Knowledge Base (undated), management is purposeful, in the sense of seeking to 
attain pre-determined goals.  Further, according to George R Terry, as quoted by 
MBA Knowledge Base (undated), management is a process to determine and 
accomplish objectives.  Setting goals and objectives is not unusual in the context of 
managing nature reserves, for example the Management Goals and Objectives in 
Australian Capital Territory (2010, p.36).  Internationally, for protected areas there is 
an emphasis on managing by objectives.  The IUCN Guidelines for Protected Area 
Management Categories (IUCN, 1994) specifically identify the objectives of 
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management for each of the seven protected area categories (defined in Appendix 
B) and where management priorities should lie (see Table 3.2). 
Table 3.2 - Management objectives for IUCN protected area categories 
Source: IUCN (1994, p.8) Protected area categories* 
Management objective Ia Ib II III IV V VI 
Scientific research 1 3 2 2 2 2 3 
Wilderness protection 2 1 2 3 3 - 2 
Preservation of species and genetic diversity 1 2 1 1 1 2 1 
Maintenance of environmental services 2 1 1 - 1 2 1 
Protection of specific natural/cultural features - - 2 1 3 1 3 
Tourism and recreation - 2 1 1 3 1 3 
Education - - 2 2 2 2 3 
Sustainable use of resources from natural 
ecosystems 
- 3 3 - 2 2 1 
Maintenance of cultural/traditional attributes - - - - - 1 2 
Key:    1 Primary objective; 2 Secondary objective;  
           3 Potentially applicable objective; - Not applicable 
 
To illustrate, nature reserves in Tasmania have the following management 
objectives (Tasmania, 2002b): 
• conserve natural biological diversity; 
• conserve geological diversity; 
• preserve the quality of water and protect catchments; 
• conserve sites or areas of cultural significance; 
• encourage education based on the purposes of reservation and the natural 
or cultural values of the nature reserve, or both; 
• encourage research, particularly that which furthers the purposes of 
reservation; 
• protect the nature reserve against, and rehabilitate the nature reserve 
following, adverse impacts such as those of fire, introduced species, 
diseases and soil erosion on the nature reserve's natural and cultural values 
and on assets within and adjacent to the nature reserve; and 
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• encourage cooperative management programs with Aboriginal people in 
areas of significance to them in a manner consistent with the purposes of 
reservation and the other management objectives. 
There is a distinct similarity between the Tasmanian management objectives and 
those of the IUCN, albeit in some cases the former are more specific.  Given that 
management, by definition, is centered on human activity, the challenge for 
management of protected areas lies in translating the ‘management objectives’ into 
human related activities that could achieve the specified objectives.  One way of 
enabling such translation is through application of the set of questions commencing 
with Who, What, When, Where, Why and How, specifically used as part of good 
management practices (PRINCE2, 2012; Englund & Bucero, 2012). 
3.3.2.1 Who, What, When, Where, Why and How 
I keep six honest serving-men 
(They taught me all I knew); 
Their names are What and Why and 
When 
And How and Where and Who. 
                                        From ‘The Elephant’s Child’ in the Just So Stories by Rudyard Kipling (1902) 
In addition to being part of good management practices, the set of questions 
commencing with ‘Who, What, When, Where, Why and How’ can also be found in 
systems thinking and modelling.  Checkland (1999) used them in terms of structured 
thinking in developing conceptual models within his Soft Systems Methodology 
(SSM), which comprises purposeful human activity models.  (SSM is further 
examined in Chapter 4 on modelling).  Specifically, Checkland’s conceptual model 
has four elements, or components, representing: i) the current situation, ii) the 
alternative preferred situation, iii) the people, and iv) structured thinking by the 
people involved.  Within this model construct, the five W’s and one H are expanded 
into: 
What combination of structural, process and attitudinal change is needed? 
Why? 
How can it be achieved? 
What enabling action is also required? 
Who will take the action? 
When? 
What criteria will be used to judge success/lack of success and/or 
completeness?   
Where is predefined in the conceptual model as the current situation. 
The emphasis in SSM is on achieving through human activity an alternative 
preferred situation - the planned (intended) improved situation.  Using this ‘simple’ 
Part I 
___________________________________________________________________ 
 
38 
question construct provides a framework for understanding and identifying the 
activities required as part of management to effect the sought-after improvement or 
change.   
Although not expressed directly in terms of the five W’s and one H ‘simple’ question 
construct, over the last 50 years or so there has been a significant shift in the 
understanding of the why, how, who and what of managing protected areas 
(Phillips, 2002 and 2003; Thomas & Middleton, 2003).  Shifts in objectives (what), 
governance arrangements (why), involvement of local community (who), 
management techniques and skills (how) are particularly pertinent.  Illustrated in 
Table 3.3 are i) how objectives have become more encompassing, ii) the range of 
stakeholders managers need to embrace has expanded, and iii) an emphasis on 
new management techniques and management skills required of protected area 
managers has emerged (as in section 2.3.8).  
When examined through the filter of the five W and one H ‘simple’ question 
construct, together with the range of topics identified in Table 3.3, there is clearly 
more to managing protected areas than managing to objectives as in section 3.3.2.   
3.3.3 Summary	of	what	is	meant	by	management	
The objectives listed in Table 3.2 and the topics identified in Table 3.3 provide a 
useful starting point for identifying the range of different aspects, and thus activities, 
that need to be taken into account in understanding the management of nature 
reserves, and specifically from a systems perspective as envisaged in section 2.4.  
What is missing though, from each of these tables, are the relationships between 
the aspects. 
The management aspects identified in section 3.3 are included in Appendix A and 
further discussed in section 3.4.6. 
3.4 Aspects	from	current	management	approaches	
3.4.1 Introduction	to	the	current	management	perspectives	examined	
As per section 3.3.2.1, the first component to any conceptual model is to identify the 
‘current situation’, or in this case to identify the current situation in the management 
of nature reserves.  To obtain an insightful understanding of the aspects likely to be 
taken into account in the current management of nature reserves, four perspectives 
are examined: 
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Table 3.3 - Paradigms for protected areas* 
Topic As it was:  
protected areas were … 
(pre-1970) 
As it is has become:  
protected areas are …  
(post-2003) 
Objectives • Established mainly for 
spectacular wild life and scenic 
protection/conservation 
• Managed mainly for visitors and 
tourists 
• Valued as wilderness 
• About protection 
• Managed with social and economic 
objectives and local people more in 
mind 
• Set up for scientific/economic/cultural 
reasons 
• Valued for cultural importance of 
“wilderness” 
• Also about restoration and 
rehabilitation 
Governance • Controlled by central government • Managed by many partners and 
involving an array of stakeholders 
Local people • Ignored in planning and 
management 
• Managed without regard to local 
opinions 
• Managed with, for, and in some cases 
by local people, to meet their needs 
Wider 
context 
• Developed separately 
• Managed as ‘islands’ 
• Planned as part of national, regional 
and international systems/networks 
Perceptions • Viewed primarily as a national 
asset 
• Viewed only as a national 
concern 
• Viewed also as a community asset 
• Viewed also as an international 
concern 
Management 
techniques 
• Managed reactively in short time 
scale 
• Managed in a technocratic way 
• Managed adaptively with long term 
perspective 
• Managed with political considerations 
Finance • Paid for by taxpayer • Paid for from many sources 
Management 
skills 
• Managed by scientists and 
natural resource experts; expert 
led 
• Managed by multi-skilled individuals 
• Drawing on local knowledge 
* After Phillips (2003) 
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i) aspects of environment-related management identified from a search of the 
literature (section 3.4.2); 
ii) examination in more depth of the most recommended approach to reserve 
management - adaptive management (section 3.4.3);  
iii) a reverse engineering approach - Hockings et al (2000 and 2006) in their 
framework for assessing the effectiveness of the management of protected 
areas provide extensive descriptions of underlying components, or in other 
words, aspects of management (section 3.4.4); and 
iv) a survey of reserve managers (section 3.4.5) 
The results of these four investigations are provided in sections 3.4.2 to 3.4.5 
respectively, and the management aspects identified collated in Appendix A. 
3.4.2 Aspects	 of	 management	 identified	 from	 environment-related	
management	research		
Ecosystem management, ecosystem-based management and environmental 
management are three types of environment-related management for which aspects 
of management have been identified from a literature search of published research.  
Ecosystem management 
Grumbine (1994) identifies ten themes in ecosystem management, which he 
suggests are equally important.  These are listed and explained in Table 3.4, 
together with further additional interpretations from Grumbine (1997).  Quinn (2002) 
proposed a reduction of Grumbine’s ten themes to four broader characteristics: 
Ecosystem boundaries, Ecosystem sustainability, Adaptive management and 
Human dimension, also included under Themes in Table 3.4 (in lighter blue italic 
font).  However, Grumbine’s original ten themes provide a richer description to draw 
on for identifying aspects of management and their associated activities. 
Ecosystem-based management 
In their comparison of ecosystem-based management and environmental 
management, Mendoza et al (2004) identify four stages of ecosystem-based 
management - preparation, planning, implementation and review and, within these, 
‘issues’ that also can be seen as aspects to be managed via management activity 
(Table 3.5).  These four stages are also evident in adaptive management as applied 
to environmental management, and are addressed in section 3.4.3. 
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Table 3.4 - Themes of Ecosystem Management after Grumbine (1994) and 
Quinn (2002) 
Theme* Explanation 
1. Hierarchical context Need to identify connections between all levels, take a 
systems perspective, which Grumbine (1997) expands to 
include policy, politics and cultural adaptation as well as 
biodiversity.  
2. Ecological boundaries 
Ecosystem boundaries** 
Management requires working across administrative /political 
boundaries and defining boundaries at appropriate scales. 
3. Ecological integrity 
Ecosystem sustainability** 
Protecting total native diversity and the ecological patterns 
and processes that maintain diversity. Has generally been 
interpreted as managing for conservation of viable 
populations of native species, maintaining natural 
disturbance regimes, reintroduction of native, extirpated 
species, representation of ecosystems across natural ranges 
of variation. 
Grumbine (1997) adds ‘accommodating human use within 
the above constraints’. 
4. Data collection Ecosystem management requires research and data 
collection, as well as better management and use of existing 
data. 
Grumbine (1997) stresses the need for managers to cultivate 
a working relationship with research staff. He also proposed 
non-biological data, or social data, should also be added 
since the latter ‘are often more important than scientific 
information in solving management problems.’  
5. Monitoring Managers must track the results of their actions for 
quantitative evaluation.  Monitoring creates an ongoing 
feedback loop of useful information. 
6. Adaptive management 
Adaptive management** 
Adaptive management assumes that scientific knowledge is 
provisional and focuses on management as a learning 
process or ‘continuous experiment where incorporating the 
results of previous actions allows managers to remain 
flexible and adapt to uncertainty.  
Grumbine (1997) expands this to suggest adaptive 
management ought to focus on increasing new learning 
instead of increasing power, interest and control.  
7. Interagency cooperation Managers must learn to work together and integrate 
conflicting legal mandates and management goals.  Requires 
cooperation between federal, state and local government 
agencies and private parties. 
Specific suggestions from Grumbine (1997) to assist in 
negotiating cooperation, include encourage interpersonal 
communication skills, specifically learn how to listen and give 
constructive feedback.  But, ‘humans only have so much 
room with which to negotiate what constitutes a viable 
population, a healthy and functioning ecosystem, or a 
habitable Earth.’ 
Part I 
___________________________________________________________________ 
 
42 
Theme* Explanation 
8. Organisational change Implementing ecosystem management requires changes in 
management structures and how they operate, ranging from 
the simple (forming an interagency committee) to the 
complex (changing professional norms, altering power 
relationships). 
Grumbine (1997) includes an additional emphasis for 
organisational change on the basis that it is ‘difficult to 
encourage adaptive learners in an inflexible, institutional 
environment’. 
9. Humans embedded in 
nature 
Human dimension** 
People cannot be separated from nature.  Humans are 
fundamental influences on ecological patterns and processes 
are in turn affected by them. 
10. Values Regardless of the role of scientific knowledge, humans play a 
dominant role in ecosystem management goals.   
 
*  Ten themes from Grumbine (1994) 
** Reduced to four themes by Quinn (2002) 
 
Environmental management 
According to Thompson (2002, p.5) environmental management includes:  
i) the setting of goals and objectives;  
ii) identification and organisation of people, skills, knowledge, technology, 
finances and other resources;  
iii) assessing risks and setting priorities;  
iv) identifying and assessing various options; and 
v) applying auditing and monitoring, and environmental tools as required. 
Summary 
Although limited in description, the management aspects identified for 
environmental management, show a significant overlap with those identified for 
ecosystem management and ecosystem-based management.  All reflect the general 
activities of management as in section 3.3, as well as providing descriptions which 
can be used as a foundation on which to construct a more comprehensive 
understanding of all the management activities encompassed in the phrase the 
management of nature reserves. 
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Table 3.5 - Aspects of ecosystem management* 
 
Preparation 
Definition of boundaries; Identification of stakeholders, 
Issues values and needs; Creation of partnerships 
 
Economic 
• Business plan 
• Contribution to economy 
• User fees 
• Licenses 
• Donations & grants 
• Partnerships 
• Extractive uses 
• Commercial operations 
• Operational costs 
Environment 
• Boundaries 
• Habitat conservation 
• Bio and Geo-diversity 
• Ecosystem processes 
• Ecological services 
• Control of exotic species 
• Monitoring & research 
• Threats 
• Restoration-reclamation 
• Environmental impact 
assessment 
• Cumulative effects 
assessment 
Operations 
• Human resources (staff 
and volunteers) 
• Education & training 
• Health & safety 
• Emergency/Risk 
• Vigilance 
• Facilities/Assets 
• Transportation & access 
• Visitor & recreation 
• Zoning & land use 
• Information system 
• Communication 
Human 
• Community relations 
• Education & research 
• Heritage 
• Aboriginal rights 
• Traditional knowledge & 
use 
• Stakeholders & public 
participation 
• Land tenure 
• Ethics & values 
Implementation 
Define, document and communicate roles etc. to 
implement actions; Train staff; Establish/maintain 
internal and external communication strategies; 
Document elements of management system, including 
operations and risks; Control and ensure access to 
documents and emergency procedures; Information 
management system; Document research and 
monitoring procedures 
• Derived from Table 4 and Figures 2 and 3 in Mendoza et al (2004) 
Planning 
D
efinition and agreem
ent on vision; D
evelopm
ent of policies, objectives and targets to achieve the vision; 
Identification/M
odelling of m
anagem
ent alternatives; D
efinition of criteria, indicators and thresholds for 
m
anagem
ent actions; E
laboration of m
anagem
ent program
 (responsibilities and targets); C
om
pliance w
ith 
legal requirem
ents; C
onflict resolution; C
apacity building 
R
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3.4.3 Adaptive	management	
Signatories to the Convention on Biological Diversity (CBD)4, including Australia, are 
required to establish a system of protected areas to conserve biodiversity; establish 
and manage the protected areas; and promote the protection of ecosystems, natural 
habitats and the maintenance of viable species.  The system of protected areas 
established in Australia is referred to as Australia’s National Reserve System.  The 
latest strategy for Australia’s National Reserve System covers the period from 2009 
to 2030 (National Reserve System task Group, 2009).  One of the six themes of the 
Strategy is Theme 4 – Protected area planning and management. 
A priority action for Theme 4 is to “Apply adaptive management strategies that 
incorporate lessons learnt into ongoing management to ensure flexible and effective 
responses to emerging threats”.  In the engineering domain, this would be seen as 
‘feedback’ and referred to as a ‘control problem’.  There are a number of indirect 
references to ‘feedback’ in sections 3.2 and 2.3.1, more in the sense of the theory of 
open systems as described by von Bertalanffy (1950, p.155).   
In a later paper, von Bertalanffy states that feedback, in man-made machines as 
well as in organisms, is based upon structural arrangements (von Bertalanffy, 1969, 
p 83).  Identifying the structural arrangements in adaptive management provides 
another way to investigate the aspects, issues and activities important to nature 
reserve management. 
There are many definitions of adaptive management, and some examples from the 
last 20 years specific to environmental management are provided at Appendix C.  
Drawing on these definitions, the main stages of an adaptive management cycle can 
be represented by a continuous loop as shown in Figure 3.1.  This representation is 
similar to that of the OODA loop (cycle) management approach attributed to John 
Boyd (Coram 2002), also shown in Figure 3.1. 
In the Orient stage of the OODA loop, elements considered for interpreting the 
observed information are all equally applicable in nature reserve management.  
These are: genetic heritage, cultural traditions, new information, previous 
experience, and analysis and synthesis.   
                                                
4 The CBD is an outcome of the United Nations Earth Summit held in Rio de Janeiro in June 1992 
(United Nations, 2010). 
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Figure 3.1 - Management cycles 
One key lesson from application of the OODA loop is to transition through the loop 
faster than the opposition, which forces the opposition to always be ‘reacting to’ 
others’ actions, a highly desirable outcome in military and business environments.  
For the management of a nature reserve system, if some parts of the natural system 
are constantly ‘reacting to’ management activities, the ability of the natural system to 
progress through the normal balancing cycles could well be disastrous to the 
survival of the natural system being managed.  As a corollary, if management is 
always in ‘reacting to’ mode, poor management may result.  Hence, time and timing 
are aspects that ought to be considered as part of management.  
In terms of adopting adaptive management there is a need to understand that 
management actions are not independent.  Coordination between actions is 
essential to connect management at different scales of time and space, and to 
monitor, study, and ultimately understand management effects (Bormann et al 1994, 
p.9).  Notwithstanding this recognition that there are relationships between actions, 
and that adaptive management is being applied to environmental systems, there is 
no reference within adaptive management definitions (Appendix C) to consideration 
of the relationships between management actions. 
3.4.4 Reverse	engineering	approach	
The reverse engineering approach is centred on examining the guidelines for 
evaluating the effectiveness of the management of protected areas (Hockings et al, 
2000 and 2006) and deducing from them the aspects of management applicable to 
nature reserves. 
Beginning in the 1990’s the IUCN has published, on behalf of the World 
Commission on Protected Areas, the Best Practice Protected Area Guidelines 
Series.  The publication titled ‘Evaluating Effectiveness – A Framework for 
Assessing the Management of Protected Areas’ was first published as No.6 in the 
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series (Hockings et al, 2000) and then republished, 2nd edition, as No.14 in the 
series (Hockings et al, 2006).  These two publications provide four constructs that 
aid in identifying aspects of management for nature reserves.  The four constructs 
are: i) capacity to manage, ii) management as in project management, iii) 
management issues derived from protected area context values, and iv) external 
environment. 
Construct 1 - Capacity to manage 
Hockings et al (2000) present capacity to manage as having three principal 
dimensions: system of governance, level of resourcing, and community support, 
each of which contains a range of aspects that could influence a manager of a 
protected area, as in Table 3.6. 
Table 3.6 - Management aspects of the three dimensions of capacity to 
manage* 
Governance Resources Community 
Political support 
Legislation 
Protected area system 
design† 
Staff 
Funds 
Infrastructure Information 
Awareness 
Support 
*  Derived from Figure 1.1 of Hockings et al (2000) 
† System in this context refers to a system of protected areas 
Construct 2 - Management 
The second construct, referred to as management, consists of several linked, 
iterative phases following a standard project management cycle: context & vision, 
planning, resource allocation, implementation, monitoring and evaluation, and 
feedback.  Again, each of these phases/components contains further aspects of 
management, as shown Table 3.7. 
Construct 3 – Protected area values 
The third construct draws on types of value associated with protected areas, for 
example, social, economic and environmental benefits to the human community 
(p.14 in Hockings et al, 2006).  The identified aspects are grouped by category of 
aspect in Table 3.8.  
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Table 3.7 - Management aspects of project management phases 
Construct component Management aspect 
Context • National context (e.g. capacity to support) 
• Threats 
• Vulnerability (e.g. insecure legal status, physical impact 
from heavy use, extraction or disturbance) 
• Significance/values (e.g. site of high conservation value, 
biological and socio-cultural) 
• Stakeholders 
Planning • Legislation and policy 
• Protected area system design 
• Specific protected area design 
• Management planning 
Inputs • Resourcing of agency 
• Resourcing of site 
Processes • Management processes (e.g. day-to-day maintenance, 
involvement of local communities)  
Outputs • Management actions 
• Services and products delivered 
Outcomes • Relevance of outputs to objectives 
* Derived from Figure 2.1 of Hockings et al (2000) 
Table 3.8 - Management related aspects derived from protected area context 
values* 
Category of aspect Aspect 
Biodiversity Expressed in terms of levels of ecosystem, species, 
local population and genetic 
Cultural Historical 
Indigenous heritage 
Spiritual (sacred sites) 
Economic Tourism 
Resource harvesting 
Ecosystem services/functions Water management and supply 
Soil 
Mitigation of climate  
Clean air & pollution mitigation 
Landscape and geological Fossils 
Geological formations and landscape features 
Water bodies and wetlands 
Research and education Benchmark sites 
Research 
Education 
Interpretation 
Social Recreation use 
* Derived from Table 2 of Hockings et al (2006) 
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Construct 4 – External environment 
Hockings et al (2006, p. 17) refer to the ‘management environment’, as ‘any factors 
external to the protected area and its management agency that could influence 
management effectiveness’.  They also suggest that there is a continuum of degree 
of control by the manager in relation to these factors, which in the current context are 
identified as aspects.  Table 3.9 lists aspects associated with the environment 
external to a protected area classified by potential to influence. 
Table 3.9 - Aspects arising from the environment external to a protected area* 
Context Aspect 
External environment - over which 
some influence may be possible 
Community attitudes 
Community land use 
Data availability 
Funding for protected area management 
Government policies 
Local leadership and institutions 
Protected area legislation 
External environment - none or 
little ability to influence 
Civil unrest 
Commodity prices 
Interest or exchange rates 
International relations 
Large scale disasters 
National leadership 
Weather patterns/Climate change 
* Derived from Figure 5 of Hockings et al (2006) 
Summary 
Taken together each of the four constructs derived from Hockings et al (2000 and 
2006) provide the most comprehensive identification from published research of 
aspects for consideration in the management of nature reserves.  These are 
included in Appendix A with the aspects derived from section 3.4.3.  Again though, 
there is no consideration of the relationships between any of the aspects identified in 
section 3.4.4, even when they are considered to be from the same category. 
3.4.5 Survey	of	reserve	managers	
A detailed description and the results, including reliability, of a survey of reserve 
managers in Australia undertaken in 2011 are provided as Chapter 5.  The 
management information collected via the survey focuses on existence of a strategic 
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plan, the conduct of management meetings and/or monitoring on a regular basis, 
and the identification of the most sensitive issues surrounding management of the 
reserve. 
Approximately four out of every ten reserves in the survey (37.8%) had a strategic 
plan, held regular management meetings and undertook regular monitoring.  For 
each of these three management aspects individually, in the order of two thirds of 
the reserves have them in place: having a strategic plan (60%), undertaking regular 
monitoring (62%) and holding regular management meetings (68%).  While these 
aspects of management are obviously supported by many, there were still one in 
seven reserves with no strategic plan, no regular monitoring and no regular 
management meetings.  
In terms of sensitive issues, the most important, at 26% of reported issues, is 
invasive animals (19% native; 7% non-native) followed by environment-structural at 
19%.  Environment-structural is a category defined for the purposes of the survey as 
covering issues that primarily have human drivers external to the reserve.  Survey 
issues identified in this category are: funding, resources, politics, regulations, 
regional vision, monitoring (frequency and risks), and multiple reserve management. 
Although not comprehensive from a management perspective, the survey 
information highlights aspects that managers see, or in some cases do not see, as 
important to their management activity. 
3.4.6 A	framework	for	the	identified	aspects	from	current	management	
Appendix A is a collation of the management related aspects identified in sections 
3.3 and 3.4, listed by source.  The matrix provided at Appendix A is not assumed to 
reflect all the aspects of the management of nature reserves, but is indicative of the 
management issues that the referenced researchers considered were important 
over the last two decades.   The following observations relate to the identified 
management aspects and are supported by the information in Appendix A: 
i) the more recent the research the more likely general management 
aspects as derived from management definitions (also shown in 
Appendix A) are referred to in the referenced research; 
ii) most of the authors referenced have presented information in categories, 
which are expanded into lists of aspects, suggesting interconnectedness 
between aspects; 
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iii) there is inconsistent application of the use of terms.  For example, 
‘economic’ refers only to tourism and resource harvesting in Hockings et 
al (2006), whereas Mendoza et al (2004) use the term to refer to 
business plan, contribution to economy, operational costs and six 
different sources of revenue.  Similarly, Hockings et al (2000, 2006) refer 
to resource harvesting but define resources in terms of staff, funds, 
infrastructure and information; 
iv) relationships between aspects are not explicitly identified.  Using again 
the example of ‘resource’ in Hockings et al (2000, 2006), Figure 3.2 
shows the connections (identified relationships) between funds and 
resources within the four main categories of influence on management: 
Capacity to manage, Management of site, Protected area value, and 
External Environment.  Also shown are ‘inferred relationships’, that is 
relationships that can be inferred from a general understanding of the 
aspects identified by Hockings et al (2000, 2006). 
 
 
Figure 3.2 - Relationships between resource aspects 
 
v) since relationships are not explicitly identified, the nature of any such 
relationship is also not identified.  For example, in Figure 3.2 the 
relationship between Tourism and Funds might be that every $1 raised 
from tourist activities goes towards funds to manage the protected area.  
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Alternatively, if the tourist activities are run by a third party, then only a 
commission may go towards management funds for the protected area; 
and 
vi) none of the referenced sources refers to time as an aspect. 
3.5 Management	 aspects	 deduced	 from	 legislation	 governing	 nature	
reserves	
Management of (the human activity at) a nature reserve is determined by:  
i) the legislation 5  under which the reserve was established and 
management must operate, and 
ii) the provisions of such legislation determining what human activity is 
permitted based on the classification of the reserve. 
To illustrate, the list of reserve-related human activities to be managed in Box 3.1 is 
derived from the international, national and state legislation applicable to reserves in 
the Australian Capital Territory, Australia.  Summary descriptions of the relevant 
legislative provisions are at Appendix F. 
Box 3.1 - Human activity to be managed* 
• asset maintenance 
• education 
• maintain environmental services 
• maintenance of cultural/traditional attributes 
• management plan 
• no direct or intentional interference or indirect interference with enjoyment of 
neighbouring land 
• prevent and inhibit outbreak of fire 
• prohibit propagation/spread of prohibited plants/animals 
• protection of natural/cultural features 
• provision of emergency services to reserve users 
• recreation/tourist use 
• research 
• resource extraction/sustainable use of resources 
*  Based on Appendix F, which refers to the Australian Capital Territory 
                                                
5 Legislation in its broadest sense, covering Acts, Regulations, By-Laws, Policies, etc 
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Importantly, not all of the areas of activity in Box 3.1 may be applicable to any one 
reserve.  What is applicable to a particular reserve is highly dependent on the 
reserve classification, type (private/public) and location.   
3.6 Management	conclusions	
To better manage nature reserves requires an appreciation of what management is, 
as well as what is being managed.  As defined in section 3.2, the term management 
of nature reserves is used herein in its broadest sense, referring to any area that 
has been set aside for the protection of the habitats and organisms contained 
therein, and could encompass resource extraction.   
Management has been shown to equate to activities and what is being managed is 
human activity in relation to nature reserves (section 3.3).  Applying the set of 
questions based on who, what, when, where, why and how has been shown to be a 
useful technique for identifying potential aspects and activities involved in the 
management of nature reserves. 
Each of the different ways of viewing current environmental management 
considered in section 3.4 has identified a range of aspects to be taken into account 
in such management activity and these have been collated in Appendix A.  Similarly, 
from an examination of the legislation applying to public nature reserves in one 
jurisdiction (the Australian Capital Territory in Australia) a range of aspects of 
management can be deduced.   
Significantly absent from the studies and information examined is any consideration 
of the relationships between the identified aspects, and the management activities 
and their timing.  Chapter 4 on Modelling draws on Appendix A and systems 
modelling to identify a way forward by modelling management activities and their 
relationships. 
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Chapter 4  
Modelling 
Scientists investigate that which is; 
Engineers create that which has never been. 
Quote from Albert Einstein, in Information Age 
January/February 2012 
We can’t solve problems by using the same kind of 
thinking we used when we created them. 
Quote from Albert Einstein from 
http://thinkexist.com/quotation/scientists-investigate-
that-which-already-is/761229.html 
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4 Modelling 
4.1 Modelling	introduction	
As set out in Chapter 2 a systems approach has been established as a constructive 
way to investigate further how the management of nature reserves can be improved.  
Within that approach step 3 is to explore modelling the nature reserve management 
(NRM) system (section 2.5.3). 
Modelling is the process of creating a model that can represent something physical, 
human or abstract, with (in the English language) the word model having many 
diverse meanings.  Herein, model is used in the sense of an abstract model and is 
taken to mean a schematic description of a system, as per the definition of model in 
“a schematic description of a system, theory, or phenomenon that accounts for its 
known or inferred properties and may be used for further study of its characteristics” 
(Definition 3 - The Free Dictionary, undated).  The expression ‘used for further 
study’ being a key purpose for creating a model.  
For current purposes the system to be modelled is the NRM system, although the 
resulting model has the potential to be adapted to other management systems.  
Three characteristics of the NRM system are important to note, as background to 
the modelling thereof.   
The first is that because the system is a management system, as per Chapter 3 in 
which management is defined in terms of human activity, people are assumed to be 
involved.  Hence, the management system can be considered a purposeful activity 
in the sense of Checkland (1999), that is, people acting with a purpose not simply by 
instinct or at random.   
The second characteristic is that the NRM system includes many other 
systems/domains.  For example, the ecology system associated with any nature 
reserve represents only one domain comprising the NRM system.  Drawing on 
Appendix A, other relevant domains may include political, financial and commercial.   
The third characteristic is that any model of a system is created for a purpose; 
hence, after Pidd (2003), any model of the NRM system will be “an external and 
explicit representation of part of reality as seen by the people who wish to use the 
model to understand, to change, to manage and to control that part of reality”.  The 
purpose for modelling the NRM system is to aid in understanding the context and 
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the connectivity between the different human activities impacting on a reserve in 
order to improve management outcomes, and is further addressed in Chapter 6.  
While one of the reasons for modelling is to use any resultant model for further 
study of the characteristics of a system, the actual process of modelling a system 
increases understanding of not just the system’s known or inferred elements and 
properties, but also of any additional elements which emerge through the modelling 
process.  Foley (2008) presented a case for considering environment management 
issues via systems thinking, but there is also an inherent logic to applying systems 
thinking as a way to gain an understanding of a system (section 4.2). 
Modelling can commence only after a suitable modelling method, together with an 
appropriate standardised language, has been adopted.  There is a plethora of 
modelling approaches, which are examined in section 4.3 in order to identify the 
most appropriate way to model the NRM system.  The latter is identified as systems 
modelling, which is examined further in section 4.4. 
4.2 Systems	thinking	
What, precisely, is ’thinking’?  When at the reception of sense 
impressions, memory pictures emerge, this is not yet ‘thinking’.  
And when such pictures form series, each member of which 
calls forth another, this too is not yet ‘thinking’.  When, however, 
a certain picture turns up in many such series, then – precisely 
through such return – it becomes an ordering element for such 
series … Such an element becomes an instrument, a concept.  
I think that the transition from free association or ‘dreaming’ to 
thinking is characterised by the more or less dominating role 
which the ‘concept’ plays in it. 
Quote from Albert Einstein in Checkland (1993, p. 3) 
According to Kramer & Smit (1977, p. 6) systems thinking has two functions: i) the 
development of a common language, and ii) for giving insight into the methodology 
inherent in the systems approach.  Foley (2008) presents the case for considering 
environment management issues from a systems thinking perspective and Fischer 
et al (2007) draw attention to the need to understand the impact of human actions 
on the world taking into account all views, and not just focusing on attaining a 
common language for understanding differences between disparate perspectives.  
Mingers & White (2010) in their review of “the systems approach, or systems 
thinking” conclude that fundamental systems ideas have not changed significantly 
since first introduced, with ‘the systems approach’ still meaning: 
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• “Viewing a situation holistically, as opposed to a reductionist perspective, as 
a set of diverse interacting elements within an environment. 
• Recognising that the relationships and interactions between elements are 
more important than the elements themselves in determining the behavior of 
the system. 
• Recognising a hierarchy of levels of systems and the consequent ideas of 
properties emerging at different levels, and mutual causality both within and 
between levels. 
• Accepting, especially in social systems, that people act in accordance with 
differing purposes or rationalities.” 
4.2.1 Defining	systems	thinking	
‘Systems’ and ‘thinking’ are widely used in everyday conversation both separately 
and in the expression ‘systems thinking’, and can have different interpretations 
depending on the communication.  In the context of modelling the NRM system it is 
important that system and thinking are used consistently and unambiguously.   
System is used herein to denote the combination of real world elements which 
together have a purpose and which form a set that is of interest (after Wolstenholme 
1990, p.1).  Hence, understanding the NRM system requires comprehending the 
purpose of such a system, as well as understanding all the real world elements, 
specifically human activities, and the relationships that form and influence that 
system.   
Thinking, according to Richmond (2005, p. 4), consists of two activities: constructing 
mental models and then simulating them in order to draw conclusions.  However, in 
contrast to modern usage in which simulating refers to generating a computer -
based simulation, Richmond (2005, p.16) very specifically uses simulating to refer to 
either mental or computer simulations.  In this dissertation simulating should be 
interpreted as running mental simulations.  To also be precise, mental models are to 
be interpreted, in a cognitive sense, as those representations of some reality as 
perceived by, and held in the mind of, an individual (Johnson-Laird, 1983). 
To put mental models into perspective in the standard modelling cycle (Kolkman et 
al 2005, p. 324), a natural (or real) system is first conceived as a mental model, 
second is transformed into a conceptual (visible) model enabling unambiguous 
interpretation, third is transformed into an algorithmic representation of the model, 
and lastly transformed into an execution model, frequently used as a decision 
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support (model) tool (Figure 4.1).  This process of transformation is referred to as 
abstraction (Kolkman et al op.cit.), in which the complexities of the natural system 
are at each transformation step refined more and more.  In this context, abstraction 
is as described in the Dictionary of Terms in Rumbaugh et al (2005): “The act of 
identifying the essential characteristics of a thing that distinguishes it from all other 
kinds of things and omitting details that are unimportant from a certain viewpoint.” 
Also, that an abstraction always involves “the perspective and purpose of the 
viewer” or in this case the modeller. 
 
Figure 4.1 - Standard modelling cycle (after Kolkman et al 2005; Warmink et al 
2010) 
Combined in the expression systems thinking, using the above definitions of system 
and thinking leads to a definition of systems thinking as a way of constructing 
conceptual models of the NRM system which reflects the real world of the nature 
reserve and all associated human activities. 
4.2.1.1 Implementing systems thinking 
Cabrera et al (2008) argue that systems thinking is not something one does, but 
something one gets as a result of applying four rules of conceptualisation based on 
patterns of thinking, identified as the DSRP model.  The four rules are: 
• Distinction – if there is a concept of A, then there is ‘not A’ or ‘other than A’; 
• System – any collection of related concepts (or ‘a set’ if using Wolstenholme 
(1990)) 
• Relationship – if there are two concepts A and B, then there is a distinction 
between A and B and the concept of a relationship between A and B.  
Between A and B there are two relations (A is distinct from B, and B is 
distinct from A) and four interrelations, the latter defined in terms of ‘affect’ 
and ‘effect’, where ‘affect’ refers to the action taken by a concept, and ‘effect, 
refers to the result of that action on or to another: 
i) the affect of A 
ii) the effect of A on B 
iii) the affect of B 
iv) the effect of B on A 
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• Perspective – any concept carries with it a perspective or frame of reference 
(in software engineering this is equivalent to ‘context’) 
Each of the four rules is further identified as a special kind of relation between two 
elements (Cabrera et al 2008, p. 305): 
• for distinctions: identity – other 
• for systems: part – whole 
• for relationships: affect – effect 
• for perspectives: subject – object 
Cabrera et al (2008, p. 307) conclude that to become a systems thinker involves: 
• drawing distinctions between an identity and a non-identity, 
• recognising the bi-directional properties (affect and effect) of relationships, 
• organising parts and wholes into alternative nested systems, and 
• taking new perspectives by transforming the point-of-view. 
The Cabrera et al interpretation of systems thinking as an outcome aligns with the 
expression ‘a way of constructing conceptual models’ in the above definition, and 
also provides guidance on how to undertake the task, with emphasis on the 
identification of relationships. 
4.2.2 Systems	thinking	as	applied	to	systems	analysis	
As cited at the beginning of section 4.2, one of the functions of system thinking is to 
give insight into the methodology inherent in the systems approach.  Midgley (2013) 
uses the construct of the four rules of thinking skills from Cabrera et al (2008) 
(section 4.2.1) to categorise the many different system approaches, with a 
relabelling of ‘distinction’ to ‘boundary’ to reflect the outcome of applying the 
distinction rule, which is the determination of whether something is in or out of a 
system which then determines the ‘boundary’ of that system (Figure 4.2).  The 
category descriptions reflect the main emphases of the systems approaches within 
that category.  
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Figure 4.2 - Emphases of different system approaches (after Midgley, 2013) 
Midgley (2013) also provides an example of a systems approach for each of his four 
thinking skills based categories to illustrate Figure 4.2.  These examples, with a key 
author of each system approach* added for reference, are: 
Boundary 
Using social or personal constructs 
to set the boundary for analysis 
(C West Churchman) 
Relationship 
System Dynamics  
(Jay Forrester) 
System 
Viable system modelling for 
management of multiple-level 
organisations  
(Stafford Beer) 
Perspective 
Soft Systems Methodology (SSM)  
(Peter Checkland) 
*Discussions of these system approaches are in Midgley (2000) and Midgley (2013). 
Some 40 plus years on, Gerald Midgley drawing on the Cabrera et al four thinking 
skills provides a demonstration of Kramer & Smit’s 1977 view that one of the 
functions of systems thinking is to give insight into the methodology inherent in the 
systems approach.   
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The corollary to Figure 4.2 is that applying systems thinking to any particular 
situation requires the use of multiple system approaches to reflect the four thinking 
skills, that is, methodological pluralism (Midgley, 2008) or multimethodology (section 
4.2.2.1).  Adopting this view of the four thinking skills as just a set of four elements is 
counter to the formalism of systems thinking represented by the DSRP model, and 
that systems thinking is the outcome of applying the DSRP model within any 
systems approach (Cabrera & Colosi, 2008). 
The systems approach or systems thinking encompasses a broad range of 
methodologies and their associated methods and tools, and the Mingers & White 
(2010) comprehensive review referred to in section 4.2 is accompanied by an 
extensive bibliography.  From their research Checkland’s Soft Systems 
Methodology (SSM) is “the most widely used and practical application of systems 
thinking”, with the possibility of change in practice, the focus on stakeholders and 
their views, and the process of learning being key to its success (Mingers & White, 
2010, p. 1151). 
Peter Checkland first introduced SSM in the early 1980’s.  After reviewing the 
systems movement and approaches to systems thinking in the decades from the 
1950’s, Checkland (1993, p. 121) identified what he referred to as basic systems 
thinking and what it requires, that is:   
• An observer/describer 
• An intention to describe some part of the world holistically i.e. whole entities 
linked in hierarchies with other wholes, in terms of: 
o A statement of purpose  
o Identification of system(s) 
o Specification of system properties – boundaries, inputs, outputs, 
components, structure, means by which system retains its integrity, 
and coherency i.e. describing the system as a system can be 
defended. 
These basic systems thinking requirements are reflected in i) Wolstenholme’s 
(1990) definition of system cited earlier (section 4.2.1), being the combination of real 
world elements which together have a purpose and which form a set that is of 
interest, and ii) Mingers & White’s (2010) description of the systems approach 
included in section 4.2.   
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Checkland (1993) also puts systems thinking into the context of a systems map of 
the universe, comprising five classes of system: transcendental systems which are 
beyond man’s knowledge, natural systems which man can investigate, describe and 
learn from, two types of designed systems – physical and abstract which are 
created and used by man, and human activity systems which man seeks to 
‘engineer’ (Checkland’s emphasis on engineer) (Figure 4.3).  This description of 
system classes demonstrates two important points in relation to the NRM system.  
First, based on the definition of management in Chapter 2, the NRM system is from 
the system class ‘human activity systems’.  Second, as a human activity system the 
NRM system does not exist in isolation of the class of natural systems.  These 
points are important in terms of applying basic systems thinking and/or the DSRP 
model to modelling the NRM system.   
In more general terms, Checkland (1993, p.4) refers to systems thinking as a 
process that takes the concept of wholeness embodied in system to order one’s 
thoughts, or in other words build and simulate one’s mental models about the world. 
 
 
Figure 4.3 - Five classes of system that make up a systems map of the 
universe (after Checkland, 1993, p.112) 
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Systems thinking, according to Richmond (1994, p.139) is “the art and science of 
making reliable inferences about behaviour by developing an increasingly deep 
understanding of underlying structure”, where structure of a system is viewed as the 
cause of the problem behaviour the system is perceived as experiencing.  Looked at 
through the lens of Checkland’s basic system thinking and classes of system, 
Richmond’s definition identifies the expected outcome of applying system thinking 
and/or the DSRP model to the NRM system. 
4.2.2.1 Systems thinking with multiple approaches 
Notwithstanding the wide adoption of SSM as an approach to implementing systems 
thinking, several areas of difficulty in use have been experienced (Mingers & White 
2010; Pala et al 2003).  In particular, SSM is a process of enquiry that leads to 
agreed action, but the SSM methodology does not provide for comparison, 
assessment or evaluation of alternative actions other than via group discussion.  
While there are validated ways in which human judgement can be improved, these 
come from other methodologies (Pala et al, 2003).  
There is now a body of work based on combining methods of systems analysis, 
referred to as multimethodology (Mingers & Gill, 1997).  Multimethodology is 
reflected in ‘critical systems thinking’ Jackson (2001, p. 237), and is seen as 
addressing both qualitative and quantitative aspects of a complex situation through 
use of different methods in different phases of an intervention (Mingers & White 
2010, p. 1152). 
SSM arose out of Checkland’s perception that systems engineering approaches 
overlooked the importance of the human in the system.  But by 2010, there was 
recognition that SSM with systems engineering might lead to significant 
development in complex problem solving (Mingers & White, p. 1151). 
4.2.2.2 System thinking applied to models 
The model of a system is also a system; hence, systems thinking can be applied 
when modelling the NRM system, in the same way as applying systems thinking to 
environment management issues as per (Foley, 2008).  Given systems thinking 
encompasses a systems approach, each of the four characteristics of the system 
approach identified (section 4.2), the DSRP model (section 4.2.1) and Checkland’s 
descriptions of basic systems thinking (section 4.2.2) are equally applicable to 
understanding the NRM system and the modelling thereof.  A further inference from 
Figure 4.3 is that any created model of the NRM system is a designed abstract 
system that could be transformed into a designed physical system. 
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4.3 Modelling	methods	
In creating a model, or modelling, a modelling method is adopted, primarily so that 
others familiar with that modelling method are able to read, interpret and understand 
the resulting model, and potentially replicate the modelling exercise.  In the arenas 
of environment and ecological modelling, there is a plethora of models that have 
been applied, from micro- to landscape scales, and from deterministic models to 
broad-brush models, as cited by Badham (2010), Caminiti (2004), Rizzoli et al 
(2008) and Warmink et al (2010).   
Badham (2010, p.2) assigned modelling methods to three categories: ‘qualitative 
aggregate’, ‘quantitative aggregate’ and ‘individual oriented’, as in Table 4.1.  All the 
modelling methods listed have been applied to studies relating to environmental 
management, and an example of the application of each is included in Table 4.1.   
Excluding the methods listed as ‘qualitative aggregate’, all the examples of the other 
modelling methods involve scientific modelling (see section 2.4.3), with the resultant 
model(s) often being used as management decision support tools.  Such tools are 
generally used to compare the modelled outcomes of different policies or options, 
normally expressed in terms of maximising the expected benefits while minimising 
any identified dis-benefits.  That is, a decision analysis, in which the human 
influencer is left out of the model.  Walker et al (2002, p.3) argue that decision 
analysis is an inappropriate approach in the context of natural resource 
management, and Walker & Salt (2006, p. 14) go further by claiming the models 
being used for decision analysis are based on average conditions, ignore major 
disturbances, and seek to optimize selected components of a system in isolation of 
others.  Irrespective of whether or not such management decision support tools are 
scientifically valuable, they do not encompass the full ambit of management as 
defined in Chapter 3 and there is currently no apparent way to incorporate such 
activities into these types of model.   
In contrast, the qualitative modelling approaches identified in Table 4.1 may offer 
ways in which the full range of management activities can be considered.  Each of 
the four qualitative aggregate modelling methods is examined in sections 4.3.1 to 
4.3.4 in terms of its relevance to management as enunciated in Chapter 3. 
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Table 4.1 - Modelling methods as categorised by Badham (2010) and their use 
Model 
category 
Methods used Example use in environmental 
management-related studies 
Qualitative 
aggregate  
Soft Systems Methodology Use of SSM by managers in the 
agriculture sector (Ledington & 
Donaldson, 1997) 
 Concept Mapping and Mind 
Mapping 
Use of information in decision-making in 
integrated water management (Kolkman 
et al, 2005) 
 Scenario Planning Scenario planning used as a tool for 
conservation in an uncertain world 
(Peterson et al, 2003) 
 Causal (Loop) Diagrams Perceptions of on-ground managers of 
marshes (Fazey et al, 2006) 
Quantitative 
aggregate  
Function Fitting and Regression Environment-related case studies of soil 
pollution or pesticides (Beinat, 1997) 
 Bayesian Networks Used to assess the sustainability of 
coastal lakes (Ticehurst et al, 2007) 
 System of differential equations/ 
Dynamical systems 
Management of services provided by 
ecological systems (Mäler, 2000) 
 System Dynamics Population viability analysis (Boyce, 
1992) 
 Evolutionary Algorithms Watershed management using 
evolutionary algorithms (Muleta & 
Nicklow, 2005) 
Individual 
oriented 
Cellular Automata Management of burn control regime 
(Berjak & Hearne, 2002) 
 Microsimulation Comparison of environmental 
microsimulation models with standard 
comprehensive models of the 1970’s 
and 1980’s (Svoray and Benenson, 
2009) 
 Agent Based Modelling Use of rule-driven autonomous agents 
to represent human visitors, moving 
over a GIS-based model of the 
landscape  
(Bishop & Gimblett, 2000) 
 Discrete Event Simulation Recreation management - carriage road 
use in Acadia National Park (Wang & 
Manning, 1999) 
 Social Network Analysis Social network analysis of animal 
behaviour (Wey et al, 2008) 
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4.3.1. Soft	Systems	Methodology	
As indicated in section 4.2, SSM is clearly an approach applicable to modelling the 
NRM system, because SSM by definition comprises purposeful activities involving 
people. 
The basic approach adopted by Checkland (1999) to address a problem situation is 
an inquiry/learning cycle (as in Figure 4.4), together with the following five 
(Checkland) principles (CP): 
CP1 the real world is a complexity of relationships 
CP2 relationships are explored via models of purposeful activity based on 
explicit world-views 
CP3 an inquiry is structured by questioning the perceived situation using 
models as a source of questions 
CP4 ‘action to improve’ is based on finding accommodations (versions of the 
situation which conflicting interests can live with) 
CP5 in principle the inquiry is never ending and is best conducted with a wide 
range of interested parties, that is, those people in the situation 
 
Figure 4.4 - The inquiry/learning cycle of SSM (after Figure A1 in Checkland 
(1999)) 
Two features of SSM are important in applying the methodology, while recognising 
that these features are not unique to SSM.  The first is that the ‘perceived real world 
problem situation’ is simply that - a perceived problem, based only on a perception 
of the real world.  In other words, however the current situation is described, this is 
simply an interpretation or conception of the real world, a mental model based on 
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the perceiver’s current knowledge.  The second is that when one or more people 
conceive a mental model of the current situation, the mental model must then be 
described in such a way that others are able to interpret unambiguously the 
‘described’ model, in order to perceive of the current situation in the same way as 
the originator(s) or as subsequently agreed by all involved.  Use of a standard 
modelling language (as developed by the OMG for example) provides the means to 
address the inevitable language ambiguities that arise. 
The reference to models in CP2 is important since these are alternatives to the 
original perceived model.  The whole purpose to modelling in this way is to achieve 
consensus in both understanding and any proposed course of action.  Also, CP2 
and Figure 4.4 illustrate that any model, for example Figure 4.4 itself, can comprise 
other models, in the same way as systems comprise other systems. 
The labelling of Figure 4.4 reflects CP5, that is, inquiry is never ending.  Also 
contained within CP5 are the notions of incorporating a wide range of interested 
parties, in other words stakeholders, and having those stakeholders directly involved 
in the modelling process.  The importance of stakeholders has already been 
identified in Chapter 3.  
While management, and its inherent activities, are not explicitly referenced in Figure 
4.4, the use of ‘models of purposeful activity systems’ indicates SSM is centred on 
human activity.  Noting that from Chapter 3 management is defined in terms of 
human activities. 
4.3.2. Concept	mapping	and	mind	mapping	
Badham (2010) put concept mapping and mind mapping into the same modelling 
method category.  In one sense both mapping methods provide ways of linking 
knowledge and ideas of the mapper, or modeler, in ways that help to present their 
mental model(s) in a form enabling understanding by others.  
Concept maps, as developed by Joseph D Novak, are “a representation of meaning 
or ideational frameworks specific to a domain of knowledge, for a given context of 
meaning” (Novak, 1990, p.29).  They comprise concepts (an event or object 
designated by a label in an enclosed shape) and propositions (a link, or relationship, 
between two or more concepts described by a word or linking phrase).  Concept 
maps are meant to reflect the reasoning behind their construction.    
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In contrast, mind mapping has the equivalent to concepts in concept mapping, but 
the linkages between concepts are unexplained and therefore allow for ambiguous 
interpretation of the resultant model.  Mind maps, developed by Tony Buzan, are 
personal and flexible, reflecting the definition that a “Mind Map is a highly effective 
way of getting information in and out of your brain” (emphasis added) 
(Mindmapping.com).  That is, a mind map only has to make sense to its creator.  On 
the other hand, a concept map needs to be unambiguously interpretable by 
everyone who reads the map (model), reflecting rigour in construction, precision and 
verifiability (WikIT – concept maps and mind maps). 
A simple example, with reference to Barren Grounds Nature Reserve (BGNR) 
(section 2.5.4), illustrates both the similarity and difference between the two 
mapping approaches, as in Figure 4.5.  The mind map model simply lists some of 
the stakeholder groups that could be involved with BGNR.  The concept map uses 
the same stakeholder groups but now includes a link with a brief description of their 
relationship to BGNR.  
 
                   Mind map model 
                                                                                        
Concept map model 
Figure 4.5 - Concept mapping and mind mapping example 
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From Kolkman et al (2005) concept mapping has been used to “reveal experiences, 
perceptions, assumptions, knowledge and subjective beliefs of stakeholders, expert 
and other actors, and … stimulate communications and learning”, specifically in 
relation to what they refer to as unstructured (soft) problems.  That is, a problem for 
which there is no optimal (scientific) solution, particularly relevant when dealing with 
shifting problem perceptions and stakeholder values, that is, a wicked problem as 
per section 2.3.6.  Looked at from this perspective, concept mapping is a suitable 
approach for understanding what the modelling of a NRM system could mean. 
4.3.3. Scenario	planning	
Scenario planning is primarily an approach in which future (alternative) scenarios 
are envisioned, a preferred scenario is agreed, and ways of addressing the risks 
associated with alternative (non-preferred or undesirable) scenarios are managed.   
Peterson et al (2003), cited for scenario planning in Table 4.1, conclude with the 
sentence – “As we try to conserve and manage ecosystems, scenario planning 
offers a structured way of coping with the many uncertainties that lie ahead.”  While 
recommending scenario planning as a way to proceed, they propose that the 
adoption of scenario planning is most appropriate for a system in which there is “a 
lot of uncertainty that is not controllable”, the high-uncertainty/uncontrollable 
quadrant of Figure 4.6. 
 
 
 Controllability 
 
 Controllable Uncontrollable 
 
High Adaptive management Scenario planning 
Low Optimal control Hedging 
 
Figure 4.6 - Circumstances for when to apply scenario planning (after 
Peterson et al, 2003) 
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As an example of applying scenario planning, the US Federal Highway 
Administration (FHWA, 2011, p.6) adopts a 6-phase approach, in which a specific 
question is asked in each phase with consensus sought on the answer, as follows: 
Phase Question 
1 How should we get started?  
2 Where are we now? 
3 Who are we, and where do we want to go? 
4 What could the future look like? 
5 What impact will scenarios have? 
6 How will we reach our desired future? 
 
The scenarios and question answers are recorded as a group decision and may or 
may not involve a model diagram or text description.  More significantly though, 
scenario planning addresses only one of the many management activities identified 
in section 3.3.  On that basis, scenario planning is deemed to be less than desirable 
as an approach to modelling the NRM system.  
4.3.3.1. Scenario planning and other approaches 
Two other features from Figure 4.6 are to be noted.  The first is the assignment of 
adaptive management as the appropriate approach to use in situations that are 
designated as ‘controllable/high-uncertainty’.  Such a description is not identified as 
an important aspect in the discussion of adaptive management (section 3.4.3).  
However, adaptive management is also found to be lacking as an approach to 
understanding the relationships between management aspects.  The second feature 
is the assignment of scenario planning as the appropriate approach to use in 
situations designated as ‘uncontrollable/high–uncertainty’.  These types of situation 
are typically referred to as complex or ‘wicked problems’, including nature reserve 
management (section 2.3.6). 
4.3.4. Causal	(Loop)	diagrams	
Causal loop diagrams are a way of understanding feedback within a system, where 
feedback is the process by which the past influences the future or as per Swannack 
& Grant (2008, p.3479) “where part of the output of a system feeds back into the 
system as input”.  In particular, causal loop diagrams are used to understand the 
broad structure of a system rather than its detail (Pidd 2003, p. 177). 
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Fazey et al (2006), cited for causal loop diagrams in Table 4.1, uses causal loop 
diagrams to illustrate influences on the Macquarie Marshes in New South Wales, 
Australia, as elicited from conservation managers working in those marshes.  Figure 
4.7 provides an illustration of some of the influences on a nature reserve using a 
causal loop diagram.  The influences, or relationships, between concepts are 
expressed as either positive or negative.  Although neither the magnitude nor the 
means of influence are identified, causal loop diagrams have the capability to reflect 
all aspects of management as identified in Chapter 3.  
 
Figure 4.7 - An example causal loop diagram showing influences between 
community, politics and a nature reserve (after Fazey et al, 2006) 
4.3.5. Summary	of	qualitative	modelling	methods	
Each of the four qualitative modelling methods - soft systems methodology, concept 
mapping, scenario planning, and causal loop diagrams – requires the modeller/s to 
be explicit in translating their mental models into a model construct that may be 
understood by others.  In essence, these can all be thought of as conceptual 
modelling methods, supporting the building of conceptual models as per section 
4.2.1.  Therefore, on the basis of the analysis in sections 4.3.1 to 4.3.4, using any of 
the four qualitative modelling methods as an aid to gaining a shared conceptual 
understanding of the NRM system is expected to have a positive outcome.   
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4.3.5.1. Conceptual models derived from qualitative modelling methods compared 
with systems/software engineering conceptual models  
With the exception of scenario planning, the qualitative modeling methods generate 
conceptual models having model properties akin to those identified in section 2.4.2, 
particularly the use of symbols that are connected with lines, although the meanings 
of the lines are not always explicit.  In a systems engineering context, conceptual 
models provide a very high-level view of the system in which the major elements or 
concepts and their relationships are identified (Sommerville 1989, p. 66).  
Relationships are key, since individual concepts, in the sense of Novak (1990) being 
an event or object, by themselves are of limited interest.  Understanding the way the 
events or objects in a particular system relate is essential to being able to describe 
that system (Ottino, 2004).   
In the software engineering domain, depending on the modeller’s perspective, 
conceptual models may be described in terms of entities or objects. In Object-
Oriented Analysis (OOA) the part of the world of interest is modelled with objects 
and their attributes and lifecycles, and the relationships between objects.  ‘Object’ in 
the OOA world is an abstraction of a set of real-world things that can be tangible, a 
role, an incident, an interaction or specification, with a specific occurrence of an 
object identified as an ‘instance’ of that object (Shlaer & Mellor, 1992 pp12 and 
163).   
Chen (1976) is acknowledged as the originator of the entity-relationship model, but 
McDermid (1994, p. 55/5) provides a description in a similar construct to that for 
OOA provided in the previous paragraph - “the world can be described in terms of 
entities and entity types, relationships and relationship types, and attributes”, and an 
entity is “A distinguishable thing of interest, either physical or abstract.”  In the entity-
based world, an ‘instance’ is an entity, being a specified occurrence of an entity-
type. 
Although both OOA and Entity-Relationship modelling give emphasis to identifying 
relationships and continue to be used (Martha et al, 2012 for OOA; for Entity-
relationships), following the release of UML, the terminology used for modelling has 
been standardised as in Table 4.2.  Entities and objects are now classes that have 
attributes, and relationships are expressed in terms of associations and constraints. 
Looked at through the lens of either the system engineer or the software engineer, a 
conceptual model of the NRM system has the potential for significantly more 
understanding than any model based on any of the four qualitative modelling 
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methods, due to the inherent properties of engineered models as identified in 
section 2.4.2 but in particular: 
i) their ability to capture more information, 
ii) the emphasis on meanings of all relationships included in the model, 
iii) the ability to integrate with other model concepts (including dynamic 
models), and  
iv) the ability for all the aspects of management as identified in Chapter 3 to 
be incorporated into such a model. 
Table 4.2 - UML modelling terminology (after Figure 1.1 in Mellor & Balcer, 
2002) 
Concept Called Modelled as Expressed as 
the world is full of 
‘things’ 
data classes 
attributes 
associations 
constraints 
UML class diagram 
(static view) 
‘things’ have 
lifecycles 
control states 
events 
transitions 
procedures 
UML statechart diagram 
(dynamic view) 
 
4.4 Systems	modelling	
4.4.1. Systems	modelling	based	on	systems	thinking	
As cited in section 4.2, systems thinking involves using a common language and a 
systems approach.  Applying systems thinking to systems modelling will therefore 
also entail use of a common language as well as a systems approach.  As identified 
in section 2.4.1, the domain independent systems modeling approach as developed 
by the OMG and the associated systems modeling language, SysML, meet this 
requirement.   
As per section 4.2.1.1 systems thinking is not what one does but what results from 
applying the DSRP model to a particular system by drawing distinctions between 
things, recognising properties of relationships between things, organising things into 
nested systems, and seeking new perspectives by transforming the point-of-view.  
In systems and software engineering, these elements of the DSRP model are 
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reflected in an architecture description of a system (often comprising multiple view 
models), which is the outcome of an exercise architecting that system. The 
International Standard for Architecture Description ISO/IEC/IEEE 42010:2011 
specifies creation of architecture descriptions using architecture frameworks and 
architecture description languages, and defines architecting as the “process of 
conceiving, defining, expressing, documenting, communicating, certifying proper 
implementation of, maintaining and improving an architecture throughout a systems’ 
life cycle”. (ISO, 2011) 
4.4.1.1 Architecture description languages 
ISO/IEC/IEEE 42010:2011 lists a number of architecture description languages, 
including SysML, the standardised systems modelling language developed and 
maintained by OMG.  Specifically, SysML (OMG, 2010a) is a general-purpose 
graphical modelling language for specifying, analysing, designing, and verifying 
systems, that may include information, people, procedures, and facilities, and for 
information systems hardware and software.  SysML has a semantic foundation for 
modelling system requirements, behaviour, structure, and parametrics, the latter 
enabling integration with other analyses (mathematical models).  SysML meets the 
common language requirement for applying systems thinking to systems modelling, 
and also enables transgression from qualitative models to quantitative models. 
4.4.1.2 Architecture frameworks 
An architecture framework comprises multiple viewpoints from which to consider the 
various elements of a system, one or more concerns, and one or more stakeholders 
having those concerns.  Viewpoints may comprise multiple views and stakeholders 
may have different relationships with the elements comprising the system 
depending on the viewpoint and view.  In essence, an architecture framework 
reflects the features of a systems approach as identified in section 4.2, and provides 
views of a system from multiple perspectives, in similar vein to the lenses of Page 
(2012) cited in section 2.4.2. 
As per ISO/IEC/IEEE 42010:2011, the purpose of an architecture framework is to 
establish “a common practice for creating, interpreting, analysing and using 
architecture descriptions within a particular domain of application or stakeholder 
community.”  Hence, using an architecture framework together with an architecture 
description language to describe the various viewpoints of a system is an 
appropriate approach to undertaking systems modelling of the NRM system. 
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Many architecture frameworks exist; some 59 are listed by ISO (2013).  While none 
of the listed architecture frameworks refers to management in the environment 
domain, one of those listed, DoDAF - the architecture framework developed for the 
US Department of Defence, does have viewpoints highly relevant to management.  
Consequently, DoDAF is used as the architecture framework to support modelling 
the NRM system because: 
i) Version 2 of DoDAF (DoDAF 2) is founded on a formal ontology (IDEAS, 
the International Defence Enterprise Architecture Specification); 
ii) all DoDAF concepts and concept relationships inherit several rigorously 
defined mathematical properties from IDEAS;  
iii) there is improved interoperation with UPDM6-SysML tools which follow 
IDEAS concepts;  
iv) ready access to a UPDM-SysML tool;  
v) DoDAF 2 is recognised as a governance related architecture framework 
(Cameron & McMIllan, 2013); and 
vi) all DoDAF 2 viewpoints, but particularly Operations, Services, Systems 
and Projects, are pertinent to the NRM system.  (Table 4.3) 
The UPDM defines a set of UML and optional SysML stereotypes, and a short 
technical description of SysML and UPDM is provided at Appendix D as background 
to understanding the approach taken to modelling the NRM system.  Further detail 
is available at OMG (2010a and 2013). 
An important aspect of using any architecture framework is the support for a range 
of viewpoints and their components, and for systems thinking and systems analysis.  
However, within this context not every component within every viewpoint is essential 
in order to model any particular system. 
4.4.2 Modelling	with	UPDM	using	the	DoDAF	2	architecture	framework	
Adoption of UPDM provides a consistent set of viewpoints, and associated 
components for each, from which to examine the NRM system or in UPDM 
terminology the NRM architecture.   
There are seven viewpoints within UPDM (Figure 4.8(a)), each of which comprises a 
number of components or viewpoints (Appendix D).  UPDM supports the DoDAF 2 
                                                
6 Unified Profile for DoDAF/MODAF – is the product of an Object Management Group (OMG) initiative 
to develop a modelling standard that supports both the USA Department of Defense Architecture 
Framework (DoDAF) and the UK Ministry of Defence Architecture Framework (MODAF) (section D.2) 
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framework, for which there is an additional viewpoint ‘Data and Information’ (Figure 
4.8(b)).  In earlier versions of DoDAF, components of the ‘Data and Information’ 
viewpoint were contained in other viewpoints and currently are still reflected 
elsewhere in UPDM (particularly OV-7 of the Operations viewpoint).  Figure 4.8(b) is 
included to demonstrate the importance, now formally reflected within DoDAF 2, that 
‘Data and Information’ apply across the entire architecture and therefore form an 
important viewpoint to consider and understand in the modelling process. 
The objectives of the seven UPDM viewpoints and their relationships underpin the 
systems approach inherent in UPDM.  How they may apply to the NRM system is 
illustrated in Table 4.3, using as an example some aspects of fire fighting.  The latter 
is, of course, far more complex than the limited aspects included in Table 4.3. 
 
Figure 4.8 – Viewpoints of (a) UPDM and (b) DoDAF 2 architecture 
 
4.5 Modelling	conclusions	
From an examination of modelling methods and the incorporation of systems 
thinking into modelling processes, the most appropriate approach to adopt for 
modelling the NRM system is one based on an architecture framework reflecting a 
systems approach and the use of a standard architecture framework and standard 
language.  Such a modelling approach directly supports the incorporation of all 
aspects of management (as identified in Chapter 3), as well as modelling 
relationships, both of which are significant failings of the other qualitative modelling 
methods evaluated.  Using the DSRP model (section 4.2.1) as an aid to identifying 
concepts and relationships within the architecture is also appropriate. 
UPDM, which is based on an existing architecture framework that addresses 
management aspects - DoDAF, and uses a standard language - the systems 
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modelling language SysML, has been identified as suitable for creating a model of 
the NRM system in the form of an architecture description, as in Chapter 6.  
 
Table 4.3 - The seven viewpoints of UPDM and their objectives, with reference 
to an example of fire fighting and management 
 
Viewpoint Objective/Purpose 
All Information included in the components of the ‘All Viewpoint’ is 
applicable to all other viewpoints. 
Provides an overview and summary information/description for 
the NRM system. 
Requires development of an integrated dictionary containing all 
elements of the NRM system architecture (automatically 
compiled as the model is created if developed using an 
appropriate modelling tool). 
Specifies the requirements of the NRM system. 
A specific management requirement might be to have in place 
processes directed at minimising the risk of fire occurring in a 
nature reserve as well as mitigating the damage should a fire 
occur.  
Strategic  Identifies the mission, vision, and goals of the management 
system, that is, the overall vision for the management 
endeavour. 
Thereby defining the strategic context for the nature reserve 
management capabilities and their relationships.   An example of 
a capability is fire fighting within a reserve. 
Operational Real world activities, the people and equipment needed to 
perform them, and the means by which they are performed.  
Addresses the: who, what, when, where, why and how 
questions. 
For the fire fighting capability example, this would describe 
persons and fire fighting equipment and the activities they would 
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Viewpoint Objective/Purpose 
actually undertake. 
 
Service- 
Oriented 
A description of the services needed to directly support the 
activities in the Operational views. 
A service is defined as a unit of work through which a particular 
resource provides a useful result to a consuming resource. 
For the fire fighting example, the services needed to support the 
operational activity might include provision of a communications 
network, maintenance of equipment, and training of personnel 
(use of only trained persons is a constraint). 
Systems Describes systems and interconnections providing for, or 
supporting the functions of the NRM system.   
For the fire fighting example, systems could include asset 
management, personnel training programs (if reserve personnel 
are to be utilised as fire fighters), and up-to-date maps of the 
reserve terrain and access routes (possibly on-line). 
Acquisition/ 
Project 
If management is thought of as an interconnected series of 
projects, the acquisition/project views describe project details, 
dependencies between projects and capability integration.  For 
the fire fighting example, projects could deal with acquisition of 
specific equipment or to put in place arrangements with other 
services to provide fire fighting capability, to arrange back-
burning/clearing or to undertake prescribed burning activities.   
Standards Identification of all standards, rules, regulations, policy and 
guidance that are applicable to parts of the architecture 
(architecture elements) and the architecture as a whole, both 
existing and any that may be emerging. 
There are various ‘standards’ specifying, for example, what fire 
mitigation equipment (extinguishers, hoses, sprinklers, etc) must 
be provided and maintained in different types of environments, 
hazard reduction practices, and aerial fire fighting operations.   
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5 Survey 
5.1 Background	
The National Reserve System in Australia is a network of protected areas aimed at 
conserving examples of natural landscapes, together with their native flora and 
fauna, for future generations.  Specific strategies for Australia’s National Reserve 
System include protected area planning and management, incorporating for each 
protected area a management plan and the use of adaptive management, and the 
maintenance and ongoing acquisition of core scientific data and information to 
inform planning and management (National Reserve System Task Group, 2009). 
A survey of people engaged either directly or indirectly in nature reserve 
management in Australia was undertaken in mid-2011 to obtain information on what 
is actually being used in managing the protected areas forming the National 
Reserve System (section 5.2). The survey results are presented in terms of: 
representativeness of the sample of respondents (section 5.3), existence of formal 
management via strategic planning, regular management meetings and regular 
monitoring (section 5.4), and information on the roles of the respondents, and their 
knowledge of management techniques and tools (section 5.5).  Section 5.6 is a 
discussion of the results and section 5.7 relates the results to modelling the NRM 
system.  
Unless otherwise stated, in Chapter 5 statistical comparisons of survey data, or 
goodness of fit tests, use the Chi-Square test with a probability level of five per cent 
(p <0.05) as the basis for determining significance.  Preacher (2001) was used to 
undertake the statistical testing. 
5.2 The	Survey	
A web-based survey was constructed, using the Australian National University’s 
Apollo survey software (http://apollo.anu.edu.au), comprising three sections: 
respondent’s role and experience, reserve management and monitoring, and 
reserve characteristics.  The reserve information requested via the second and third 
sections of the survey was sought for only one reserve for each respondent, 
recognising that some people may have links with more than one reserve.  A copy 
of the questionnaire is at Appendix E. 
The URL (web address) to access the survey was emailed to people whose email 
address and name were identified from information publicly available on the Internet 
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together with their role in relation to nature reserves.  Roles included CEO, reserve 
manager, coordinator, landowner (private reserve), ranger, researcher, planner and 
policy adviser.  Emails were personally addressed to the recipients.  Five days 
before the survey was due to close a reminder email was sent to all recipients, 
except those who had advised they had completed the survey or considered it was 
not relevant to them.  Notwithstanding self-identification of some respondents via 
emails sent to the researcher, the survey results are completely anonymous; no 
personal or nature reserve identification information was collected. 
Completed survey responses were received from 37 of the 211 recipients of the 
original email, giving a survey response rate of 17.5%.  This response rate lies 
within the expected range for email only surveys, for which an average response 
rate of 20.7% with a standard deviation of 4.05% has been reported (Kaplowitz et al, 
2004).  The complete survey response data is provided at Appendix E. 
5.3 Reserve	Representativeness	
In the year of the survey (2011) Australia’s National Reserve System comprised 
approximately 9,340 reserves.  For ownership (section 5.3.1), jurisdiction distribution 
(section 5.3.2), and IUCN protected area classification (section 5.3.3), the survey 
results are representative of the National Reserve System except in relation to IUCN 
classification.  
Details of ownership, jurisdiction and IUCN protected area classification for reserves 
in the National Reserve System, available from the website of the Department of 
Environment Australia (Department of Environment Australia), have been used to 
generate expected frequencies for statistical comparison with the survey results. 
5.3.1 Ownership	
In the survey, ownership was categorised as either ‘public’ or ‘private’.  For 
comparative purposes, the National Reserve System data for Government and 
Local Government are grouped as ‘public’, and Indigenous and Private are grouped 
as ‘private’ (Table 5.1).  There is no significant difference in the distribution of public 
and private in the survey to that of the National Reserve System (χ2 = 1.07 with 1 
degree of freedom and p-value of 0.30). 
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Table 5.1 - Reserve ownership for National Reserve System and in Survey 
Reserve ownership National Reserve 
System* 
Survey 
Expected†  Actual 
Government 6983   
Local government 132   
Sub-total government 7115 28 25 
Indigenous 24   
Private 2201   
Sub-total private 2225 9 12 
Total 9340 37 37 
*  Data available in 2011, the same year as the survey  
† Based on distribution of reserves in National Reserve System (Department of Environment Australia) 
 
5.3.2 Jurisdiction	
All eight Australian State and Territory jurisdictions have reserves in the National 
Reserve System.  Using this distribution to generate expected survey frequencies 
across jurisdictions, five jurisdictions have expected frequencies less than five and 
hence the conditions for applying the Chi-square test are not met (Table 5.2).  To 
address this small number problem and in line with standard statistical practice, 
jurisdictions have been grouped, in this case according to similar regions of latitude 
to reflect similar environmental conditions, and their combined results provided as 
sub-totals in Table 5.2 
For this grouping of jurisdictions there is no significant difference between the 
survey results and the National Reserve System distribution (χ2 = 3.23 with 4 degree 
of freedom, giving a p-value of 0.52). 
5.3.3 Protected	area	by	IUCN	protected	area	classification	
Almost a third of respondents did not assign an IUCN classification to the reserve 
they identified for the survey, leaving only 25 for comparison with all reserves.  As a 
consequence, the expected frequencies have four classification categories with less 
than five, including two categories with zero entries (Table 5.3). 
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Table 5.2 - Reserve jurisdiction for National Reserve System and in Survey 
Jurisdiction 
National 
Reserve 
System 
Survey Survey-Grouped 
Expected* Actual Expected* Actual 
Australian Capital 
Territory 
12 0 0   
New South Wales 845 3 5   
Sub-total ACT & NSW 857   3 5 
Northern Territory 96 1 1   
Queensland 958 4 4   
Sub-total NT & QLD 1054   5 5 
South Australia 1881 7 6 7 6 
Tasmania  1039 4 1   
Victoria 2971 12 17   
Sub-total TAS & VIC 4010   16 18 
Western Australia 1538 6 3 6 3 
Total 9340 37 37 37 37 
*    Based on distribution of reserves in National Reserve System (Department of 
Environment Australia) 
  
Table 5.3 - IUCN classification for reserves in National Reserve System and 
Survey 
International Union for 
Classification of Nature 
(IUCN) classification 
National 
Reserve 
System 
Survey Survey - Grouped 
Expected* Actual Expected* Actual 
IA - Strict Nature Reserve 2491 7 5   
IB - Wilderness Area 65 † 1   
Sub-total IA & IB 2556   7 6 
II - National Park 1000 3 7 3 7 
III - National Monument or 
feature 
2333 6 2 6 2 
IV - Habitat/species 
management area 
2190 6 5 6 5 
V - Protected 
landscape/seascape 
218 † 3   
VI - Protected area with 
sustainable use of natural 
resources  
1042 3 2   
Sub-total V & VI 1260   3 5 
IUCN known  9340 25 25 25 25 
IUCN not known   12   
Total 9340  37   
*    Based on percentage distribution of all reserves 
†    Both of these values when added together total less than one 
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Again by grouping similar types of category, for example IA and IB (Strict nature 
reserve and Wilderness area) and V and VI (Protected landscape/seascape and 
Protected area with sustainable use of natural resources) comparison is possible.  
For this grouping there is a difference in the distribution of survey results from that of 
the National Reserve System (χ2 = 9.64 with 4 degree of freedom, giving a p-value 
of 0.04) (Table 5.3).  Other groupings by IUCN category give similar results, leading 
to the conclusion that the survey distribution according to IUCN protected area 
classification may not be the same as that of the National Reserve System.  This 
result, combined with the large number of respondents who did not select an IUCN 
classification for their reserve, raises the question as to whether the IUCN 
classification system is understood and was applied accurately by the respondents. 
5.4 Management	of	reserves	
Each reserve within the National Reserve System is meant to have a protected area 
management plan and undertake ongoing acquisition of scientific data to inform 
planning and management (National Reserve System Task Group, 2009).  
Management information collected via the survey includes: whether there is a 
strategic plan for the reserve (section 5.4.1), if regular management meetings are 
held and who attends (section 5.4.2), and whether regular monitoring occurs and 
what is monitored (section 5.4.3).  In section 5.4.4 the relationships between 
strategic plan, management meeting and monitoring are examined.  Respondents 
were also asked to identify the most sensitive issues surrounding management of 
the reserve (section 5.4.5).   
Table 5.4 gives all survey reserves by whether or not there is a strategic plan, 
whether or not regular monitoring occurs, and whether or not regular management 
meetings are held. 
Table 5.4 - Survey reserves by existence of strategic plan, regular 
management meetings and regular monitoring 
Regular 
management 
meetings 
Strategic Plan Strategic Plan All 
reserves Yes No 
Regular Monitoring Regular Monitoring 
Yes No Total Yes No Total 
Yes 14 3 17 4 4 8 25 
No 3 2 5 2 5 7 12 
Total 17 5 22 6 9 15 37 
  Part II 
_________________________________________________________________________ 
 
88 
5.4.1 Strategic	plan	
Of the 37 reserves reported on, 22 or 6 out of every 10 (59%) have a strategic plan 
in place (Table 5.4) but reserves in some categories of IUCN classification are more 
likely to have a strategic plan (Table 5.5): II National Park – 71%, IV Habitat/species 
management area – 80%, and V Protected seascape/landscape – 67%.  The group 
recording IUCN classification as ‘Don’t know’ has the largest percentage with 
strategic plans at 83%, which is significantly greater than the group of reserves for 
which the IUCN classification is known (χ2 = 4.20 with 1 degree of freedom, giving a 
p-value of 0.04).  Examination of the roles of the respondents in the IUCN not 
known group shows they broadly represent the roles of all respondents: advisor (1), 
coordinator (1), project deliverer (1), manager (2), researcher (2), and volunteer (2), 
suggesting that in terms of the respondents there is no difference between the two 
groups other than one group didn’t give the IUCN classification for their reserve. 
There is no measureable difference between the public and private reserves on the 
percentage having a strategic plan in place:  60% for public reserves and 58% for 
private reserves. 
Table 5.5 - Percentage of survey reserves with strategic plan by International 
Union for Conservation of Nature (IUCN) classification 
IUCN classification All survey 
reserves 
Survey reserves with strategic plan 
Number % 
IA – Strict Nature Reserve 5 1 20 
IB – Wilderness Area 1  0 
II - National Park 7 5 71 
III – National Monument or 
feature 
2  0 
IV – Habitat/species 
management area 
5 4 80 
V – Protected 
landscape/seascape 
3 2 67 
VI – Protected area with 
sustainable use of natural 
resources  
2  0 
IUCN known  25 12 48 
IUCN not known 12 10 83 
Total 37 22 59 
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For those reserves with a strategic plan, details of resources used to implement 
activities in the plan were sought.  The most used resource is volunteers (77%), 
followed by funded contractors (59%). (Table 5.6) 
Table 5.6 - Resources used to implement strategic plan activities 
Resource Number of reserves 
using resource 
Percentage of reserves 
with a strategic plan 
Funded contractors 13 59 
Management group members 7 32 
Student researchers 5 23 
Volunteers 17 77 
Other 
Staff 
Property owner 
Indigenous trainees 
Other free resources 
 
4 
1 
1 
2 
 
18 
5 
5 
9 
 
5.4.2 Management	meetings	
Regular (at least one per year) management meetings are held for approximately 
two-thirds of the reserves, (25 or 68%).  For reserves with a strategic plan in place, 
a greater percentage (77% or 17 out of 22) hold regular management meetings than 
reserves without a strategic plan (53% or 8 of 15) (see Table 5.4), but this difference 
is not significant (χ2 = 2.33 with 1 degree of freedom, giving a p-value of 0.13).  
Similarly, comparison between IUCN classification known and not known indicates 
no difference in the likelihood for having regular management meetings (χ2 = 0.01 
with 1 degree of freedom, giving a p-value of 0.93). 
Leverington et al (2010, p.81) refer to the large number of ‘small’ protected areas in 
Australia where there is limited management presence.  In the survey, reserve size 
was selected from categories specified in hectares (ha).  The number of reserves in 
each category is: 1 (<10 ha), 10 (10-100 ha), 17 (100-10,000 ha), 3 (10,000-50,000 
ha) and 6 (>50,000 ha).  The percentage of reserves in each size category that do 
not have regular management meetings is: 100% (<10), 20% (10-100), 29% (100-
10,000), 33% (10,000-50,000) and 50% (>50,000).  Apart from the smallest reserve, 
as the size of the reserve increases, the probability of having no regular 
management meetings also increases; however, this potential relationship is not 
statistically significant. 
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5.4.3 Monitoring	
Regular monitoring takes place at 23 (62%) of the reserves (see Table 5.4).  Of the 
remaining 14, monitoring has occurred at 12 during the last decade, and for three of 
these 12 monitoring is scheduled for the financial year in which the survey was 
conducted (that is 2011/2012).  This leaves two reserves, or 5%, where no form of 
monitoring has occurred in the last ten years and no monitoring is planned. 
For reserves with a strategic plan in place (see Table 5.4), there is a greater 
probability of there being regular monitoring (χ2 = 5.27 with 1 degree of freedom, 
giving a p-value of 0.02). 
A comparison between the two groups IUCN classification known and not known, 
shows that there is no difference between the proportion undertaking regular 
monitoring (χ2 = 0.11 with 1 degree of freedom, giving a p-value of 0.74). 
Table 5.7 shows for those reserves with regular monitoring (23), the number of 
reserves where a particular type of monitoring is undertaken.  Almost half of the 
reserves monitor invasive flora.  Water quality/flows is the least monitored.  Of the 
reserves undertaking regular monitoring, 60% collect information on at least two 
types of monitoring (Table 5.8).  Although six of the reserves indicated regular 
monitoring does occur, no information was provided on types of information 
monitored. 
Table 5.7 - Survey reserves with regular monitoring by type of monitoring 
undertaken 
Types of monitoring Number of reserves with 
monitoring 
%* 
Bird counts 9 39 
Native fauna (not birds) 8 35 
Feral animals 8 35 
Native flora 8 35 
Invasive flora 11 48 
Water flows/quality 2 9 
Physical changes 6 26 
Other 7 30 
* Percentage of reserves with regular monitoring (number of reserves = 23) 
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Table 5.8 - Survey reserves with regular monitoring by number of types of 
monitoring 
Number of types of 
monitoring 
0 1 2 3 4 5 Total 
Number of reserves 6 3 7 2 3 2 23 
 
5.4.4 Strategic	planning,	management	and	monitoring	
An expectation might be that regular management meetings and monitoring are 
more likely to occur where there is a strategic plan in place.  From Table 5.4, for 
those reserves with a strategic plan, the percentage having regular management 
meetings or undertaking regularly monitoring is the same at 77% (17 of 22), with 
about two-thirds (14 of 22) having both regular meetings and monitoring.  For those 
reserves without a strategic plan, 53% (8 of 15) hold regular management meetings 
and 40% (6 of 15) undertake regular monitoring, while only 25% (4 of 15) hold 
regular management meetings and undertake regular monitoring.  From this 
comparison, the existence of a strategic plan appears to be an indicator of regular 
management meetings and monitoring. 
An alternative perspective is that holding regular management meetings might be 
the predictor of regular monitoring occurring or having a strategic plan.  Again from 
Table 5.4, of those reserves holding regular management meetings, 72% (18 of 25) 
also conduct regular monitoring; whereas when regular management meetings do 
not occur only 42% (5 of 12) conduct regular monitoring.  In relation to strategic 
planning, of those reserves holding regular management meetings 68% (17 of 25) 
have a strategic plan, and of those reserves not holding regular management 
meetings only 42% (5 of 12) have a strategic plan.  Holding regular management 
meetings does appear to be an indicator of undertaking regular monitoring or having 
a strategic plan. 
While the data in Table 5.4 may be interpreted in this way, statistical analysis of the 
two-way relationships shows that only one of the differences is significant - for 
reserves with a strategic plan in place, there is a greater probability of regular 
monitoring occurring (section 5.4.3), and the indicators described above cannot be 
shown to be statistically significant predictors. 
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5.4.5 Sensitive	issues	
Respondents were asked to identify the most sensitive issues surrounding 
management of the reserve to which their answers relate.  All respondents identified 
at least one issue, resulting in a total of 73 issues.  The issues identified have been 
grouped under animals, plants, biodiversity, human activity, stakeholders, 
environment-natural and environment-structural as in Table 5.9.  Some issues are 
specific, e.g. culling kangaroos and burn/no burn, while others are general, e.g. 
erosion, revegetation, and adjacent public land.   
The most frequently recorded issue is animals, either non-native or native, with half 
of all reserves recording this as an issue.  Within the animals category some issues 
are general (pest management, feral fauna and stock management), while others 
specifically name the animal - goats, deer, dogs, horses, foxes, flying foxes, koalas 
and culling kangaroos).   
Environment-structural is the next most recorded category at almost 40% of all the 
reserves.  Environment-structural is a very broad category covering issues that 
primarily have human drivers external to the reserve, e.g. regulations, regional 
vision, funding and resources. 
5.5 Respondents		
Personal information about respondents is centred on their role/s, years of 
experience engaged in such nature reserve related activities, and their experience 
in the use of different methodologies and tools associated with environmental 
research and management. 
5.5.1 Roles	
Seven of the survey respondents selected more than one role for themselves; four 
with two roles, two with three roles, and one with five roles. Where a respondent has 
indicated more than one role they are included in all roles nominated.  Figure 5.1 
shows the percentage of each role in each years of experience category.   
Approximately half of the respondents (49%) have more than 10 years experience in 
their roles associated with nature reserves.  The next largest group is 3-5 years 
experience (27%).  For five of the ten roles more than half have more then 10 years 
experience: Planner (100%), Analyst (100%), Volunteer (86%), Policy Developer 
(67%) and Manager (60%).  
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Table 5.9 - Most sensitive issues at each nature reserve in survey 
Issues Number of 
reserves with 
issue 
Percentage of 
all (73) issues 
Percentage of 
all (37) 
reserves* 
Animals 
non-native 
native 
 
14 
5 
26 51 
Plants  
weeds and invasive species, 
including native plants, and 
revegetation 
7 10 19 
Biodiversity 
including species 
reintroduction 
4 6 11 
Human activity and 
consequences 
vandalism, litter, visitor 
management and walking 
tracks 
12 16 32 
Stakeholder considerations 
views, values, owners, 
community 
6 8 16 
Environment – natural 
erosion, adjacent public land, 
degradation, water quality 
11 15 30 
Environment – structural 
funding, resources, politics, 
regulations, regional vision, 
monitoring (frequency and 
risks), multiple reserve 
management 
14 19 38 
* Percentages will add to more than 100, as most reserves have more than one issue 
 
 
While the majority of managers have more than ten years experience, each of the 
five CEOs falls into one of the five experience categories. 
There are three respondents with less than one-year experience.  Their roles are:  
CEO, Project Deliverer and Volunteer.   
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Figure 5.1 - Years of nature reserve experience by role 
5.5.2 Approaches	to	environmental	management	
From the literature a range of approaches used in environmental management were 
identified and respondents were asked to indicate their experience with each of 10 
different approaches (as listed in Table 5.10).  For each of the approaches, at least 
two respondents had some experience.  Table 5.10 gives: 
• the number of respondents having experience with the approach and the 
percentage of all respondents this represents (i),  
• the number and percentage with up to 10 years experience with the 
approach (ii),  
• the number and percentage with more than 10 years experience with the 
approach (iii), and  
• the number and percentage having experience with the approach who 
also have more than 10 years experience associated with nature 
reserves (iv).  
The three approaches specifically referred to in the National Reserve System 
documentation have high representation: stakeholder participation (86%), adaptive 
management (70%) and the MERI framework (68%).  As expected given the history 
of the development of MERI (see Note 1 to Table 5.10), only one person identified 
as having more than 10 years experience with the approach.  Only for stakeholder 
participation does the majority have more than 10 years experience.   
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Table 5.10 - Respondents experience with environmental management 
approaches and their experience with nature reserves 
Approach 
Respondents 
having any 
experience 
with approach  
 
 No (%)             
(i) 
Up to 10 
years 
experience 
with 
approach     
  No (%)            
(ii) 
More than 10 
years 
experience 
with 
approach 
 No (%)         
(iii) 
More than 
10 years 
nature 
reserve 
experience       
No (%)        
(iv) 
Stakeholder 
participation 
32 (86) 14 (44) 18 (56) 14 (44) 
Adaptive 
management 
26 (70) 19 (73) 7 (27) 11 (42) 
MERI framework1 25 (68) 24 (96) 1 (4) 11 (44) 
Decision support 
frameworks 
16 (43) 12 (75) 4 (25) 5 (31) 
Systems thinking 9 (24) 7 (78) 2 (22) 2 (22) 
Simulation 5 (14) 4 (80) 1 (20) 2 (40) 
Multi-agent systems 
modelling5 
3 (8) 3 (100) 0 0 
Soft systems 
methodology4 
3 (8) 2 (67) 1 (33) 0 
RAPPAM2 3 (8) 2 (67) 1 (33) 3 (100) 
WCPA evaluation 
framework3 
2 (5) 2 (100) 0  1 (50) 
 
Notes to Table 5.10: 
1. MERI or Monitoring, Evaluation, Reporting and Improvement framework is a 
generic framework for improving Australia’s approach to managing key 
natural resource assets in terms of human, social, natural, physical and 
financial assets.  The first version for national resource management was in 
2003. 
2. RAPPAM - Rapid Assessment and Prioritization of Protected Area 
Management developed by the World Wildlife Fund from 1999 to 2002. 
3. WCPA - World Commission on Protected Areas – evaluation framework 
developed early 2000. 
4. For a concise explanation of soft systems methodology see McDonald et al 
(2011), and Pesl & Hrebicek (2003) for soft systems methodology applied to 
environmental modelling. 
5. See Bousquet et al (1999) for the use of multi-agents in environmental 
modelling. 
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Some approaches, such as multi-agent modelling, simulation and soft systems 
methodology, might be thought of as only being used by researchers but this is not 
the case among the respondents.  The users with experience of these three 
approaches had 19 roles and of these 5, or 26%, were researcher, compared to 
16% for those with no experience in these three approaches (5 out of 30 roles were 
researcher).  The group having experience with these three approaches does not 
have significantly more people identified as a researcher (χ2 = 0.66 with 1 degree of 
freedom, giving a p-value of 0.4).   
Both RAPPAM and the WCPA framework (see Notes 2 and 3 to Table 5.10) were 
established early this century; hence, it is not unexpected that in 2011 most users 
do not have more than 10 years experience with these approaches.   
5.5.3 Tools	
There are two different survey questions regarding the use of tools.  The first refers 
to generic tools and the second to specific tools identified from research as used in 
environment related analyses.  The generic tool question was framed in terms of 
whether the respondent used the tool in their job, whereas the specific tool question 
was framed to capture whether the person or their team used the tool.  The number 
of users of the tools, and the percentage they represent of all respondents are given 
in Table 5.11.   
Comparing information from Table 5.10 and Table 5.11 there are potential 
differences between experience with an approach and use of a generic tool to 
support that approach. 
Whereas 43% indicated they have experience with the decision support framework 
approach, only 27% actually use a decision support tool.  For the MERI framework, 
68% registered experience but only 43% are using a monitoring, evaluation & 
reporting tool.  The difference for decision support is non-significant (χ2 = 2.13 with 1 
degree of freedom, giving a p-value of 0.14), but the difference for monitoring and 
evaluation is significant (χ2 = 4.43 with 1 degree of freedom, giving a p-value of 
0.035). 
In terms of specialist tools, only three registered as having been used:  Bayesian 
Networks, enQuire and Miradi.  enQuire is a web-based system for supporting 
nature reserve management particularly in Queensland (http://www.enquire.net.au/).  
All four respondents who indicated they use enQuire are associated with the four 
reserves from Queensland in the survey.  
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Table 5.11 - Use of generic and specialist tools (number and percentage of all 
respondents) 
Generic tools  Specialist tools 
Tool Number Percentage5  Tool1 Number Percentage5 
Decision 
support 
10 27  Bayesian 
networks4 
4 10 
Monitoring, 
evaluation & 
reporting 
16 43  enQuire2 4 10 
Planning 12 32  ExtendSim4 0  
Project 
management 
9 24  GAMA4 0  
Spreadsheet 28 76  iThink4 0  
Database 18 49  Miradi3 3 8 
GIS1 3 8  Powersim4 0  
Experience1 3 8  STELLA4 0  
Environment 
tools1 (MARK, 
Distance, PVA, 
Cost-benefit 
analysis) 
1 3  Vensim4 0  
Microsoft 
Office1 
2 5  
 
Notes to Table 5.11: 
1. Tools specified by respondents selecting Other 
2. enQuire is a web-based system to support performance information about 
national resource management in Queensland. 
3. Miradi is software providing a step-by-step wizard to follow the open 
standards for the practice of conservation. 
4. Bayesian networks, ExtendSim, iThink, GAMA, Powersim, STELLA and 
Vensim are all specialist model building software that were identified from a 
literature review as having been used for constructing models of 
environmental systems.  Bayesian networks is more strictly an approach 
since there are numerous graphical modelling tools for creating Bayesian 
networks. 
5. Percentage of all respondents 
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Respondent experience with enQuire is one with less than one year experience and 
three with 3-5 years experience.  This is as expected, given the tool has only been 
available since January 2007, although an earlier version was available in 2005.   
Miradi, which is used in 100 countries, provides a step-by-step wizard to follow the 
open standards for the practice of conservation (https://miradi.org/openstandards).  
The three users of Miradi are all from woodland reserves in Victoria.  As indicated in 
Note 4 to Table 5.11 Bayesian Networks is more strictly an approach; however, 
studies reported in the literature tended to refer simply to the use of Bayesian 
Networks rather than any specific graphical modelling tool adopted. 
5.6 Discussion	
The results from the survey demonstrate that using a web-based survey tool is a 
practical way to obtain information on the issues, approaches and tools being 
adopted in the management of nature reserves in Australia.  Although a relatively 
small sample (37), the responses are representative of reserves in the National 
Reserve System, in respect of public/private ownership and distribution across 
Australia.  In terms of the intent of the survey, the results provide estimates of the 
adoption of formal management practices (having a strategic management plan in 
place (~ 60%), holding regular management meetings (68%) and undertaking 
regular monitoring (62%)), together with indications of the extent of adoption of tools 
to understand and assist with management as well as what managers perceive as 
issues surrounding management of nature reserves. 
Although the survey was not designed to provide information to assess the adoption 
of requirements of Australia’s National Reserve Strategy, the survey results do 
provide useful information in relation to four aspects of the National Reserve System 
Strategy for 2009-2030 (National Reserve System Task Group, 2009). 
i) Collaborating with Stakeholders 
Working with stakeholders could be expected to be the norm, and 86% of 
respondents indicated experience with stakeholder participation (Table 5.10).  The 
phrase ‘collaborating with key stakeholders’ clearly implies human stakeholders 
(either singly or collectively), since it is extremely difficult to collaborate with non-
human stakeholders (e.g. flora and fauna stakeholders).  Survey respondents also 
seemed to adopt this limiting definition of stakeholder, with six (16%) listing 
stakeholder views and values (Table 5.9) as a sensitive issue for their reserve, and 
with four of the six specifically referring to cultural or indigenous owner values.  
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Being able to understand the interrelationships between all stakeholders, as 
envisaged in an analysis from a systems perspective, may provide an avenue to 
assist in dealing with potentially diverse views such that they are not perceived as 
sensitive issues but simply an aspect of working towards optimum outcomes for 
nature reserve management. 
Optimum outcomes mean many different things to different people, but 
environmental economics provides a framework for consistent interpretation and 
understanding.  Using such a framework, Stephen Smith (2011, page 11) refers to 
externalities as a category of market failure most directly related to environmental 
policy, and describes an externality as ‘a situation where the actions of some firm or 
individual have consequences for someone else who has no say in the matter.’  
While stakeholder here encompasses those both directly and indirectly influenced, 
for all stakeholders to be included Smith’s definition needs to be expanded to 
someone who, or something which, has no say in the matter. 
The limitation to humans and human organisations in the definition of stakeholder is 
well entrenched in project management, as reflected in Project Management 
Institute (2008) and Dinsmore & Cabanis-Brewin (2010), both of which refer only to 
persons, groups and organisations who/which can be affected by another person’s, 
group/s organisation’s or systems actions. 
While the National Reserve System Strategy refers to collaboration with ‘key’ 
stakeholders, any analysis from a systems perspective must essentially include all 
stakeholders from the broader perspective of who or ‘something’ that could be 
affected. 
ii) Adaptive management will be the dominant concept for managers of 
protected areas for the foreseeable future 
 With 70% of respondents indicating experience with adaptive management (Table 
5.10), use of this approach in the management of nature reserves is potentially 
reflective of the requirement in the National Reserve System Strategy for adaptive 
management to be the dominant concept for managers.  Yet the limited use of any 
tool to support adaptive management combined with the restricted definition of 
stakeholder, leads to a concern about the current application of adaptive 
management and raises the potential for analysis from a systems perspective to 
provide insights into better application of adaptive management. 
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iii) Assessments to apply an international framework, such as from the 
International Union for Conservation of Nature World Commission, customised to 
local circumstances 
Two international frameworks are in the list of management approaches included in 
the survey.  Only four respondents (10%) indicated any experience with either of 
them, RAPPAM (3) and WCPA evaluation framework (2) (with one respondent 
having experience with both approaches) (Table 5.10).  No information is available 
from the survey on the use of customised frameworks in assessments. 
Leverington et al (2008, p.12) describe RAPPAM as ‘providing policy makers and 
protected area authorities with a relatively quick and easy method to identify major 
trends and issues that need to be addressed for improving management 
effectiveness in any given system or group of protected areas.’  The IUCN-WCPA 
Framework is summarised by Leverington et al (2008, p.6) as ‘a solid theoretical 
and practical basis for assessment, and enhancing the capacity to harmonise 
information across different systems.  Evaluations that assess each of the six 
elements in the Framework and the links between them build up a relatively 
comprehensive picture of management effectiveness and have greater explanatory 
power’.   
While not being extensively used in the management of Australia’s nature reserves, 
the structures of both RAPPAM and the WCPA Evaluation Framework do provide 
indicators of the types of information to be considered in the proposed analysis of 
nature reserve management from a systems perspective.  RAPPAM indicators 
(Leverington et al, 2008 Table 1 on pp.14-16) include infrastructure, finances, 
management planning and decision-making, research, monitoring and evaluation, 
legal security, and pressures and threats.  The six elements of the WCPA 
Framework are context, planning, inputs, management processes, outputs and 
outcomes (Hockings et al, 2006 p. 11).  These are all relevant management aspects 
as per Chapter 3 and Appendix A.  
iv) There should be in place complete management plans for 100% of 
Australian Government funded protected areas under the National Reserve System. 
The survey did not include a question on whether the nature reserve was Australian 
Government funded; hence, the fact that 60% of the ‘public’ reserves and 58% of 
the ‘private’ reserves have a strategic plan (section 5.4.1) is not necessarily a 
reflection on compliance with the requirement for Australian Government funded 
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reserves to have complete management plans in place.  That approximately three 
out of every five reserves already have a strategic plan (Table 5.4) is an 
encouraging sign that reserve management is seen as important.  Yet, with five (or 
one in seven) of the survey reserves not holding regular management meetings, 
having no strategic plan and not undertaking regular monitoring (Table 5.4), 
management must still be considered an issue. 
Leverington et al (2010, p.49) in the second edition of their international 
management effectiveness evaluation study report a key factor (repeatedly 
mentioned) being “the need to improve the application and use of planning, 
evaluation and management tools to deliver good and consistent management on 
the ground.”  Specifically in relation to Australia, they found Australian protected 
areas scored comparatively well7, but overall effectiveness was constrained “by 
factors including the large number of small protected areas where there is limited 
management presence” (Leverington et al. 2010, p.81).  No information was 
obtained from the survey in relation to management presence, but smaller reserves 
in the survey appeared more likely (is not statistically significant) to have regular 
management meetings with the proportion of reserves having regular management 
meetings decreasing from 80% to 50% with increasing size of reserve (section 
5.4.2).  The survey contains no other information to assist in determining if this may 
be the case or simply an artifact of the small sample size of the survey. 
5.7 Survey	conclusion	
As an email only survey a small response rate was expected and is reflected in the 
total of 37 responses.  Although a small number, the sample is representative of the 
locations of nature reserves across Australia and whether they are publicly or 
privately owned.  Importantly, management is seen of some importance as indicated 
by six out of ten nature reserves having a strategic management plan in place, and 
seven out of ten undertaking monitoring.  The intent of the survey was to obtain 
information on what managers of nature reserves were using to assist with their 
management.  The most used tool is the spreadsheet (75%), with specialist 
environment management approaches and tools achieving somewhat less adoption.  
Collaboration with stakeholders, use of adaptive management, use of internationally 
recognised frameworks for assessments, and having a management plan 
(mandatory for federally funded reserves) are four key features required of nature 
                                                
7 Overall mean score is 0.53 out of a maximum of one.  The overall mean score for Oceania is 0.56, 
which is based on Australian assessments plus one RAPPAM assessment in PNG. 
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reserve management under Australia’s National Reserve System Strategy (National 
Reserve System Task Group, 2009).  Information from the survey of managers 
suggests there is positive progress for three of these features but more needs to be 
achieved, based on: 
i) 86% of respondents have experience with stakeholder participation, but 
stakeholder seemed limited in definition to human stakeholders; 
ii) 70% of respondents have experience with adaptive management, but 
there is very limited use of any tool from which learning, as required 
under adaptive management, could occur; 
iii) only 10% of respondents had any experience with the National Reserve 
System Strategy specified tools for evaluating effectiveness of the 
management of nature reserves; and 
iv) approximately 60% of reserves have a strategic management plan in 
place. 
The results of the survey are important in relation to modelling the management of 
nature reserves system because they demonstrate: 
• management is an ongoing issue, 
• there isn’t a recognition that stakeholders include more than humans,  
• reserve influencers can be internal and external to the reserve, and 
• given the limited adoption of environment management approaches and 
tools, any model created needs to be easily understood and applied.  
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6 Nature Reserve Management system (NRM) model 
6.1 Introduction	
Any modelling exercise is undertaken for a purpose, which then guides the 
approach to, and information taken into account in, the modelling process.  As 
defined in section 3.3.1.4 management of a nature reserve refers to management of 
human activity and its influence on the nature reserve.   In respect to modelling the 
nature reserves management (NRM) system, the purpose then is to provide a 
means to illustrate the connectivity between the different human activities relating to 
a nature reserve and to demonstrate for particular reserve circumstances where 
management priorities might lie to minimise both long and short term impacts of 
human activity on the natural system at the reserve, whilst meeting all the objectives 
of the reserve. 
Understanding the context in which the model is being created is also important.  In 
this case, understanding what a nature reserve is, is a prerequisite to understanding 
the NRM system.  To that end the following perspectives of context for the NRM 
system are examined: 
• Simple system models for nature reserves (section 6.2) 
• Relationship of simple system model to NRM system (section 6.2.4) 
• Domains of the NRM system (section 6.3) 
• Multiple views of the NRM system (section 6.3.1) 
Context is further examined in terms of domains (section 6.3), and stakeholders and 
information models (section 6.4).  The development of an NRM system model is 
then addressed (section 6.6), using an architecture framework (DoDAF) discussed 
in section 6.5 and as established in Chapter 4. 
6.2 Simple	system	models	for	nature	reserves	
Before developing the NRM system model, an essential prerequisite is to 
understand the context and, importantly, the context as represented by models.  In 
this case the context models are: i) a model of a nature reserve, ii) a model of a 
natural system, and iii) a model of the influences on a nature reserve, which by 
definition includes a natural system.  These models are presented in sections 6.2.1 
to 6.2.3 respectively. 
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6.2.1 Nature	reserve	–	simple	model	
A nature reserve is primarily an area set aside for protection to some degree, which 
depends on the assigned category of protected area.  There are two types of 
reserve: marine and terrestrial.  A simple representation of these two types is shown 
in Figure 6.1, noting that for a particular marine reserve there may or may not be a 
land component.  In essence, a reserve is defined by a legal boundary and 
everything within that boundary is the reserve system and everything without is the 
reserve system environment, elements of which may interface with the reserve 
system. 
 
 
Figure 6.1 - Simple models of marine and terrestrial systems 
6.2.2 Natural	system	–	simple	model	
Figure 6.2 depicts a simple model of a natural system (based on natural 
environment as defined in Johnson et al (1997, p. 582)), identifying entities 
comprising the natural system in terms of biotic (living organisms, such as flora, 
fauna, fungi and bacteria) and abiotic components (such as climate/weather, soil, 
and topography that are not separately illustrated).   
By definition (Kramer & Smit, 1977) to be within a (natural) system, an entity must 
be connected in some way to all other entities in that system.  For simplicity and 
readability, the connecting lines between the natural system entities are not drawn 
in Figure 6.2.  The system boundary separates those entities that interact with the 
system but are not part of the system; these entities belong to the system’s 
environment.  Also for simplicity, not all entities forming the system’s environment 
are represented in this model.   
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Figure 6.2 - Simple model of natural system 
If the natural system is now centred on a nature reserve, then the natural system 
boundary may not, and most probably won’t, be the same as the nature reserve’s 
legal boundary.  The latter is established by legal determination at a point in time, 
whereas the former, the natural system boundary, is not fixed and has the potential 
to change over time depending on the conditions.  For example, if a tsunami results 
in the shore being eroded to the extent that the shoreline is no longer within the 
legal boundary of the reserve in Figure 6.1 (i). 
6.2.3 Nature	reserve	influences	–	simple	model	
Nature reserve influences go beyond the environment entities depicted in the 
natural system – simple model (Figure 6.2).  These influences can be internal or 
external to the reserve.  For example, influences on the Barren Grounds Nature 
Reserve (sections 2.5.4and 7.2) include: 
• Visitors (including researchers) and their associated paraphernalia (e.g. 
vehicles, footwear, food, waste) (internal) 
• Neighbouring land use (e.g. farm land and national park) and human density 
(external) 
• Feral animals (e.g. foxes) (may be internal or external in origin) 
• Legislative Act under which reserve was established (external) 
• Management (no permanent on-site management) (external) 
• Heritage value (external) of stone cabin located within reserve (internal) 
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Management is just one of the influences on any nature reserve.  However, as 
shown in Chapter 3, management is activity-based and the purpose of nature 
reserve management endeavours is to change or modify the way in which other 
influences on the nature reserve. 
Another way to demonstrate the relationships between the ‘nature reserve – simple 
model’ (Figure 6.1), ‘natural system – simple model’ (Figure 6.2) and ‘nature reserve 
influences’ is depicted symbolically, that is modelled, in Figure 6.3, where the 
natural system can be described as a self-organising system excluding any human 
influence (both direct and indirect), and therefore subject only to the influence of 
natural occurrences (model (a) in Figure 6.3).  The establishment of a nature 
reserve centred on this natural system not only introduces a legal boundary but is 
an attempt to mitigate in some way the impact of human activity and resultant 
influences on the natural system (model (b) in Figure 6.3).  In model (b) the legal 
boundary is a hard boundary, marking what is in and out of the legal reserve area; 
however, the natural system boundary is not rigid (may change over time) and may 
not necessarily be fully enclosed within the reserve legal boundary.  Similarly, there 
may be area(s) within the legal boundary of the nature reserve that are not initially 
viewed as part of the natural system, such as land that has been grazed or cropped 
prior to becoming part of the nature reserve. 
 
 
 
Figure 6.3 - Relationship between the simple models of natural system, nature 
reserve system and influences (system environment) 
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In model (c) of Figure 6.3 the resultant influences are represented as either 
direct/internal or indirect/external to the reserve.  For an indirect influence the actual 
impact is within the legal boundary of the reserve, but these same influences could 
also be having an impact external to the reserve.  The inclusion in model (c) of a 
‘boundary of influences on the nature reserve’ indicates that there are other human 
activities external to the reserve that in no way have an influence on the reserve.  
The boundary of influence defines the extent of the system environment as per 
Kramer & Smit (1977). 
6.2.4 Simple	models	and	their	relationship	to	the	NRM	system	
Model (c) of Figure 6.3 is a simple model representation of a nature reserve system, 
that is, primarily something that comprises a natural system together with influences 
resulting from human activity.  One of those influences is management, but model 
(c) is not a model of an NRM system, it is just a model of a nature reserve system.   
Another simple model to represent a nature reserve system is shown in Figure 6.4, 
where the nature reserve system comprises two sub-systems – the natural system 
and the human activity sub-system.  Both of these sub-systems can be shown to 
consist of sub-systems, or sub-sub-systems to the nature reserve system (Figure 
6.5).  The natural system sub-system comprises two sub-systems: ecological and 
climate or natural influences.  The human activity sub-system also consists of two 
sub-systems: activities directly influencing the nature reserve and those indirectly 
influencing.  Both the ‘direct influences’ and the ‘indirect influences’ sub-systems 
also have sub-systems. The example sub-systems are drawn from Appendix A, and 
their definitions can be derived from the domain definitions in Table 6.1 (section 
6.3). 
The models depicted in Figure 6.3 to Figure 6.5 are only models of a nature reserve 
system; none of them is a model of the NRM system, but they illustrate the range of 
influences on a nature reserve that any model of the NRM system needs to take into 
account. 
 
Figure 6.4 - Model of a nature reserve system 
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Figure 6.5 - Expanded model of a nature reserve system 
The representation of a nature reserve system, as in Figure 6.5, in which 
management is but one of the human activity influences, contrasts with other natural 
resource management models comprising only two sub-systems: management and 
ecological (Bonnicksen, 1994; Rauscher & Potter, 2001).  Referred to as the 
biosocial model, Bonnicksen (p.293) differentiates between his two sub-systems as: 
• Management – represents humans that can consciously modify their 
environments and social relationships to adapt to changing conditions. 
o Is composed of stakeholders (humans/organisations with direct 
access to natural resources) and larger society 
(humans/organisations where access is indirect, and includes the 
political and legal systems) 
• Ecological – represents components that are not self-aware, and biophysical 
laws and fixed relationships limit their ability to adapt to the management 
sub-system 
o is composed of resources and the larger biophysical system 
The use of ecological and climate sub-systems of the natural system in Figure 6.5 is 
deliberate to differentiate between those elements of the biophysical environment as 
in Bonnicksen (1994) that are ‘local’ to the nature reserve and climate which is a 
global phenomenon and can be impacted by conditions external to a nature reserve. 
As with influences (Figure 6.3 (c)), human activity is not limited to activity within a 
reserve.  Activity undertaken in areas external to, and not necessarily adjoining, a 
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reserve can have consequences for the reserve.  For example, if the reserve is 
bordered by agricultural land and subject to winds blowing across that land, then the 
potential may be high for seeds or pesticide, if used, to be blown and establish 
along, or contaminate, the windward side of the reserve.  Or further afield, if there is 
manufacturing and/or urban environments where waste and water runoff enter the 
water flows into the reserve, there is potential for polluted water to contaminate the 
water supply to the reserve’s natural system.  Somewhat even further removed from 
the nature reserve, changes to legislation under which a nature reserve operates 
also occur external to the reserve. 
6.3 Domain	context	of	the	NRM	system	
In addition to the importance of considering all potential influences on a nature 
reserve (section 6.2), another critical requirement to modelling the NRM system is 
identification of all the domains comprising the NRM system (as per section 4.1).  
Because the NRM system is a management system, the initial approach to 
modelling might be to consider that the NRM system only involves the management 
domain, where domain is used in the sense of an area of knowledge or activity 
characterised by a set of concepts and terminology understood by practitioners in 
that area (Glossary in Booch et al 2005, p. 454).  But taking a broader perspective, 
to allow for the existence of other domains within the NRM system, is more 
appropriate, given the complexity of the context of the nature reserve management 
system (section 6.2). 
Further to the Booch et al (2005) definition of domain op. cit., Shlaer & Mellor (1992, 
p.1) advise considering each different area of knowledge “as a separate world 
inhabited by its own conceptual entities”, and ”each domain can exist independently 
of the others.”  The latter is an important consideration in identifying domains within 
the NRM system. 
Drawing on the information in section 6.2, Chapters 3 and 4, and Appendix A, a 
high-level context diagram for the NRM system (Figure 6.6) comprises two broad 
domains - the environment domain and the human activity domain.  Akin to systems 
having sub-systems, domains can have sub-domains (or internal domains) as 
shown in Figure 6.6.  Also illustrated are the directions of influence between the 
domains.  A summary description of each domain in Figure 6.6 is at Table 6.1.   
Primarily Figure 6.6 demonstrates that the management domain seeks to influence 
the environment domain via the other sub-domains of the human activity domain. 
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The management domain also has sub-domains, reflecting the areas of activity 
identified in Table 6.1.  That is, sub-domains such as planning, organising, 
analysing, decision-making, coordinating, financial, personnel and 
interactions/communications as identified in Chapter 3.   
 
Figure 6.6 - High Level Context Diagram for NRM system 
To illustrate Figure 6.6 with a practical example, a particular reserve has a problem 
with weeds (ecological invasive species domain).  A working bee8 of volunteers and 
reserve employees is planned to remove the weeds.  To implement the plan, the 
people management system supporting the personnel management sub-domain 
and volunteers (from the community relations/involvement domain) is used to 
identify people available to undertake the work, the asset management system (part 
of the financial system supporting the financial management sub-domain) is used to 
identify the availability of equipment needed, the weather forecast (drawing on 
information from the climate domain) is used to check what clothing might need to 
be worn, and the location of the weed infestation is checked to establish whether the 
weeds should be cut and mulched on the ground where they are growing or if 
removed the soil won’t be washed away in the next downpour (part of the 
environment domain). 
This example demonstrates not just the interactions, or relationships between 
domains, but also the breadth of information that impacts on the consideration of the 
specific human activity of weed removal.   
                                                
8 ‘Working bee’ comprises a group of people working together on a task without financial reward.  
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Table 6.1 - NRM system domain identification and description  
Domain Description 
Human activity*  
Community 
relations/ 
involvement 
Involves all persons having, or could have, something to do 
with the reserve but are not personnel (employees) working 
at the reserve.  These may include representatives on 
committees, adjoining landowners, recreational visitors, 
researchers, indigenous inhabitants of reserve, service 
providers and volunteers.  These categories of people are 
not mutually exclusive. 
Education Provision of learning experiences that may occur on-site, 
possibly in association with recreation activities but not 
always, or off-site.  Activities may include presentations, 
guided walks, etc. 
Governing context A broad amalgam of aspects such as legislation, regulations, 
and rules under which the reserve exists and operates, 
politics & political support, government policies & stability, 
international influences (exchange rates, commodity prices). 
 
Also includes cultural (heritage, historical, indigenous and 
spiritual) influences.  
Management The (human) activities that equate to: planning, organising, 
analysing, decision making, coordinating, financial, 
personnel and interactions (communications).  Includes any 
information system(s) to support those activities. 
Pollution Human activity that results in pollution e.g. air and/or water 
and/or soil pollution, within the nature reserve. 
Research Primarily aimed at increasing understanding of the 
environment domain, including the effects/impacts of various 
human activities.  
Resource extraction Removal of material, whether permitted by indigenous 
people or commercial operator(s) or not (poaching), and 
whether under requirements of sustainability. 
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Domain Description 
Tourism/Recreation Activities associated with visitors to the reserve purely for 
enjoyment from which the reserve may gain an economic 
benefit but at the same time experience considerable cost in 
supporting access. 
Environment  
Climate Weather patterns in terms of solar energy and precipitation 
that can impact on management activities and the ecological 
environment.  Also includes extreme events such as flood, 
dust storm, volcanic ash dispersal, cyclone, hurricane or 
tornado, and earthquake. 
Ecological 
(invasive species) 
Flora and fauna not part of the natural system, the presence 
of which was likely caused by human activity (which could be 
either internal or external to the nature reserve). 
Ecological 
(natural system) 
Natural physical features and associated organisms, and 
including those external to reserve but having, or with 
potential to have, impact on reserve. 
• Note: Individuals can be involved in one or more of the internal domains of human activity 
6.3.1 NRM	system	-	a	multiple	domain	system	
The purpose to identifying the domains comprising the high level contextual model 
of the NRM system is to establish that the NRM system is neither a ‘nature reserve’ 
system nor simply a ‘management’ system. 
The NRM system is a system of influences via human activity, which needs to take 
into account all the other systems that impact on management and the associated 
management decision-making processes. 
6.3.2 Domain	languages	
Each of the many domains in the NRM system (Figure 6.6) can comprise sub-
domains and for each of these there is a language used by professionals working 
within that domain.  There is no guarantee of consistency across the sub-domain 
languages, nor even the domain languages.  However, use of a standard modelling 
language and consistent architecture framework (as proposed in section 4.4) 
ensures that language is used consistently across the models, which together form 
the intended NRM system model. 
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6.3.3 Generic	application	
There are different IUCN categories of nature reserve (Appendix B) and the 
permissible human activity within a reserve can vary, not just with reserve category 
but also with its governance arrangements.  Any model of the NRM system must be 
a generic model that can take into account all identified potential human activity, 
both direct and indirect influences, and support the inclusion/exclusion of particular 
influences for a specific instance of the model, that is, for a particular reserve, or 
even for a group of reserves if they are managed together. 
For example, the inclusion of resource extraction as a domain in Figure 6.6 is an 
example of a category of influence that is only applicable in some instances of the 
model, noting that resource extraction may or may not be permissible within the 
governance arrangements for a particular reserve.  Further, resource extraction may 
be legal e.g. collecting seeds when holding a permit to do so, or illegal e.g. 
removing ‘mossy’ rocks or killing elephants for their tusks.  
6.4 Additional	aspects	of	context	for	the	NRM	system	model	
6.4.1 Setting	the	scene	
According to Rumbaugh et al (2005, p. 461), a model is an abstraction of a system 
from a ‘particular viewpoint’, which describes the system at the chosen level of 
precision.  This reference to a ‘particular viewpoint’ should not be confused with the 
multiple viewpoints considered in architecting, that is, applying a systems approach 
to developing a model of the NRM system (as per Chapter 4).  Nor should the 
reference to ‘a model’ be construed as a single model.  ‘A model’ constructed using 
an architecture framework comprises many models reflecting the various viewpoints 
adopted, with models represented in different ways, including diagrams, text 
descriptions, and matrices (tables and spreadsheets) (section 4.4.2).  
Similarly, when modelling with the systems modelling language, SysML, the 
modeller has available seven standard (UML) diagrams plus two new diagrams, 
comprising four structure diagrams, a requirements diagram, and four behaviour 
diagrams, which together inform ‘the model’ (Appendix D.1) 
In constructing a model of the NRM system, the ‘particular viewpoint’ adopted is that 
of a nature reserve manager.  As a management system, the model must by 
definition be centred on human activities.  The human activities taken into account in 
developing the model of the NRM system have been derived from a literature 
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review, including a selection of legislation (Chapter 3), and a survey of managers of 
nature reserves in Australia (Chapter 5).  Further, based on the analysis in Chapter 
4 (sections 4.3.5 and 4.5 in particular), an ability to model relationships is key.  
6.4.2 Natures	reserves	and	information	
Understanding what a nature reserve can be provides information to the process of 
understanding what comprises the NRM system.  Some aspects that might be 
applied in a description of a nature reserve are listed in Box 6.1.   
Box 6.1 - Reserve aspects 
• Private or public ownership 
• Small (< 1 hectare) to large (millions of hectares) 
• Terrestrial or marine (with/without a terrestrial component) 
• Established under special protection legislation at international, national and 
state levels which determine the human activities that can be undertaken at 
the reserve 
• Classified by IUCN category 
• Fenced or unfenced 
• With/without physical barrier (e.g. gate) to human/vehicle entry 
• A centre of research 
• Visited annually by a few to millions of recreational users/tourists 
• An information/education centre 
• Home to indigenous peoples 
• Home to indigenous plants and animals 
• Home to invasive plants and/or feral animals 
• A source of plant and animal diversity 
• A source of resources that are extracted either legally or illegally 
• A carbon sink 
• A water purifier 
• An air purifier 
• A barrier to the spread of disease 
• A natural system within/bordered by managed forests/agricultural 
lands/urban environments/body of water 
 
Such a list of variables, or attributes, to describe a reserve, is beneficial to the extent 
that it guides what types of management activities may be required at a particular 
reserve.  However, it has limited usefulness in terms of comparisons or evaluations 
across reserves and/or time, nor does it qualify or quantify the management task. 
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6.4.3 Information	 model	 for	 a	 nature	 reserve	 from	 a	 management	
perspective	
Box 6.2 is a list of key words that together provide a description of a nature reserve 
from a management perspective. These key words apply to all nature reserves. 
Having the specific details for each of the key words identifies the management 
perspective for a particular nature reserve. In other words, the key words provide 
information about all nature reserves and the specific details provide data about one 
particular nature reserve.   
    Box 6.2 - Key words applying to all nature reserves 
• A Reserve has a number of Purposes 
• Those Purposes are derived/determined by the Legal Structure under which 
a Reserve is established/operated 
• Legal Structure can comprise: legislation (one or more pieces), regulations, 
governing policy, council by-laws, etc 
• The extent to which a Reserve fulfils its Purposes is judged by its 
Performance 
• Those who judge Performance are Stakeholders 
• Not all Stakeholders may be interested in Performance 
• Some Stakeholders may seek to influence Legal Structure 
• Stakeholders include people plus other living organisms at Reserve 
• Roles at Reserve are fulfilled via Activities 
• Stakeholders engage in Activities associated with Reserve 
 
Although written in the form of sentences, the key words structure represented in 
Box 6.2 is a simple, or informal, Information Model, and the key words are 
potentially the start of an ontology for nature reserves (in the sense of a hierarchy of 
concepts using a shared vocabulary to denote the types, properties and 
interrelationships of those concepts (Gruber, 1993)). 
More formally, in the words of Shlaer & Mellor (1988, p.6) “an Information Model 
consists of an organisation and a graphical notation suitable for describing and 
defining the vocabulary and conceptualization of a problem domain.  …  The model 
focuses on the real world under study; identifies, classifies and abstracts what is in 
the problem; and organises information into a formal structure” and Mellor & Balcer 
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(2002) “Similar ‘things’, or objects, in the subject matter under study are identified 
and abstracted as classes; characteristics of these objects are abstracted as 
attributes; and reliable associations between the objects are abstracted as 
relationships.” 
Further, an information model is a thinking tool, an aid to how to think about a 
problem; the terms used to define the problem, the assumptions made in selecting 
those terms and the consistency of those definitions and assumptions (Shlaer & 
Mellor 1988, p.7).   Not only is an information model a thinking tool, but also its 
structure directly reflects the four activities of the DSRP model (identities, 
relationships, nested systems, and perspectives) proposed by Cabrera et al some 
ten years later in 2008 (section 4.2.1.1).    
Creating an information model of a nature reserve system is therefore a useful 
starting point to both thinking about and modelling the NRM system. Figure 6.7 (with 
extensions in Figure 6.8) is the information model created using UML notation, 
which depicts the relationships between what a nature reserve legal framework 
specifies can be undertaken in relation to the reserve, identified as activities, who 
could be involved in those activities, and with what equipment and facilities.  
Activities are classified as either ‘human directed’ or ‘natural system directed’, which 
are defined as follows: 
• human directed activity – an activity undertaken purely for the benefit of 
humans 
• natural system directed activity – an activity primarily undertaken with an 
intended benefit to the natural system, although there may also be indirect 
benefits to humans.  Importantly, management of a natural system directed 
activity is management of an activity undertaken by humans not 
management of the environment/natural system.  
Interpretation of this nature reserve information model (Figure 6.7) is based on 
Figure 6.7 being a class diagram, with descriptions of all classes, their attributes and 
relationships, at Appendix G.  Figure 6.7 is a generic model that encompasses all 
nature reserves.  Of particular importance is how to read the three different forms of 
relationship information in the model.  For example, the relationship between 
Reserve and MonitorSite can be read in both directions as follows: 
• a monitor site is located at one and only one reserve, and 
• a reserve may have zero or more monitor sites.
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Figure 6.8 – Extensions to classes in Figure 6.7 
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The relationship between Modify, Monitor and NaturalSystemDirectedActivity can 
also be read in two directions: 
• Modify and Monitor are specialisations of NaturalSystemDirectedActivity, 
that is both Modify and Monitor have the same attributes as 
NaturalSystemDirectedActivity but each has additional but different attributes, 
while 
• NaturalSystemDirectedActivity is a generalisation of Modify and Monitor, that 
is Modify and Monitor are different types of activities, but they both involve 
the natural system, collectively referred to as NaturalSystemDirectedActivity. 
An example of the third type of relationship in the nature reserve information model 
(Figure 6.7) is the association between Reserve and Resource and its relationship 
to the association class ResourceExtraction.  ResourceExtraction represents the 
relationship between Resource and Reserve with attributes that belong to neither 
Resource nor Reserve. 
The formal information model (class diagram at Figure 6.7) contains the same 
information as the informal information model (Box 6.2) plus a number of additional 
classes that became apparent by using the informal information model as a thinking 
tool.  The information model (via the class attributes) also identifies the types of data 
that would be used to describe a particular nature reserve. 
The influence of the DSRP model (section 4.2.1) is evident in Figure 6.7 with 
bidirectional relationships and generalisation/specialisation of classes. 
6.4.3.1 Information model for a nature reserve and stakeholders 
In contrast to the definition of stakeholders, being humans/organisations with direct 
access to natural resources, used by Bonnicksen (1994) (section 6.2.4), a 
stakeholder in the context of a nature reserve is any living organism that has an 
interest in a reserve (section 2.3.6.1).  From Figure 6.7, there are primarily two 
categories of stakeholder: ‘person’ (a living human) and ‘other organism’ (non-
human living organism), with potentially many different types of each.  A brief 
generic description of each type of stakeholder is provided at Appendix H. 
In the context of the NRM system, of key interest are the activities of ‘person’ 
stakeholders, since their activities are what is to be managed.  Segment A of Figure 
6.8 shows the range of ‘person’ stakeholder who could be associated with any 
particular nature reserve.  Each ‘person’ stakeholder can potentially be engaged in a 
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range of activities associated with a reserve, recognising that not all of the activities 
need be undertaken at the reserve. 
Understanding the different types of stakeholder provides a path to identifying the 
types of Activity (as in Figure 6.7) that are associated with a reserve, and hence the 
expected behaviours associated with the information model (section 6.4.3.2) and the 
associated management activities.  Examples of stakeholder behaviours are 
provided in Table 6.2 to illustrate. 
Table 6.2 - Examples of behaviours of stakeholders associated with a reserve 
Stakeholder Behaviours 
Environmentalist May seek information 
May engage in lobbying, publish articles, demonstration activities 
May never visit reserve 
Government May set legal framework and associated regulations and reserve 
operational policies 
May set budget for reserve and performance indicators 
May never visit reserve 
Local 
community 
May participate in reserve activities e.g. planning, fundraising, etc 
May experience positive/negative impacts from events at reserve 
May engage in illegal removal of resources 
Media May publish positive/negative stories about reserve 
May never visit reserve 
Nearby reserve May experience positive/negative impacts from events at reserve 
May participate in planning and management of reserve 
Neighbour Activity on own land may have impact on reserve 
Has shared responsibility for boundary fences, including erection 
and maintenance/repair 
May participate in reserve activities such as planning, etc 
May engage in illegal removal of resources 
Other organism Use of natural system elements to support their natural lifecycles 
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Stakeholder Behaviours 
Owner 
(Controller) 
May set budget for reserve and performance indicators 
May set operational polices and goals for reserve 
May be directly involved in management 
May never visit reserve 
Recreation 
users & tourist  
May seek information before visiting reserve 
May use facilities at reserve 
May participate in education activities both at reserve or 
elsewhere 
Researcher May establish research sites at reserve 
Many engage in monitor and modify activities 
Many engage in legal resource extraction 
Reserve person May undertake education, research, recreation, monitor, and 
modify activities 
May be engaged in planning, administration, maintenance, etc 
Resource 
extractor 
May identify and remove material from reserve, either legally or 
illegally 
May require permit/licence to remove material 
May modify/damage natural system whilst removing material  
Service 
beneficiary 
May receive clean water, seeds (either collected or on the wind), 
enrichment from aesthetic view of environment containing reserve  
Service provider Provide services to, or operate services at, reserve  
May include operation of facilities such as café, souvenir shop 
and accommodation 
Supplier Provide supplies used by reserve 
May deliver to reserve 
Volunteer May engage in education, research, recreation, monitor and 
modify activities 
May participate in reserve activities such as planning, 
administration, etc 
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Table 6.2 illustrates that different types of person stakeholder may engage in similar 
activities and those activities do not necessarily require visiting a reserve.  When 
looked at from the perspective of key performers (as in section 6.6.5) person 
stakeholders, independent of their type, can be grouped depending on their activity.  
For example, a Researcher is a Visitor when actually visiting a reserve, but when 
only using information available online is categorised as GeneralPublic.   
6.4.3.2 Information model for a nature reserve and behaviour 
The class diagram of Figure 6.7 primarily presents a static view of the information 
model of a nature reserve.  Dynamic aspects (the changing parts or behaviour over 
time of the system) are represented in UML notation via behavioural diagrams 
(Booch et al 2005, p.94).  In the (specific) systems modelling profile of UML, that is 
SysML, there are four standard diagrams for modelling dynamics of a system (use 
case, sequence, state machine and activity).  Of these, two are particularly helpful in 
further understanding the information model of a nature reserve: 
1) ‘Activity’ diagram – identifying the processes and actions involved in 
undertaking the activities supported by the model.  Activity in this context 
should not be confused with the object Activity in the information model. 
2) ‘State machine’ diagram – if any of the classes in the information model have 
different stages or states that they progress through (a lifecycle), then this 
can be represented by a state machine diagram that identifying states and 
actions relevant to each state, and events that cause transitions from one 
state to another. 
Many of the classes in Figure 6.7 have lifecycles (that is, their behaviour changes 
over time), in particular those that have start and end dates as attributes, that is, 
ReserveActivity and ExternalInfluence.  Equipment, Facility and Information all have 
behaviour reflected in being created or acquired, maintained and potentially 
disposed of.  PerformanceMeasure requires determination of its value, which 
involves accessing information (including in some instances the TargetValue) and, 
based on the type of performance measure, calculating a value for an appropriate 
time period.  Subsequent time periods effect a new calculation. 
For all intents and purposes the Legislation, Provision and 
ProvisionReservePurpose classes can be considered static, since the legislation on 
which they depend change infrequently.  Other classes – NaturalSystem, 
OtherOrganism, Resource, HumanDirected and NaturalSystemDirected, also have 
no lifecycle.   
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To illustrate some of the behaviour to be captured via other diagrams, Figure 6.9 
provides two state charts for volunteer registration (and deregistration) and 
equipment acquisition.  Both charts show a start ( ) and end ( ), together with 
different states (e.g. Registering) and the action (e.g. registered) that causes a 
move to the next state.  The volunteer registration diagram also shows a lifecycle in 
which states can be revisited9.  As with developing the Information Model (Figure 
6.7), thinking through which classes have lifecycles and their content, is an aid to 
identifying missing data and to further understanding how the full gamut of 
management activities can be reflected in the NRM system.  Behavioural diagrams 
in relation to the NRM system are addressed further in section 6.6. 
 
Figure 6.9 – Example State Chart diagrams for volunteer registration and 
equipment acquisition 
                                                
9 To be complete the volunteer registration and resignation state chart should reflect a volunteer’s 
ability to resign from any of the states except ‘Being removed as a volunteer’. 
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6.4.4 Information	model	for	a	nature	reserve	and	DoDAF	
In section 4.4.2 DoDAF is proposed as a suitable architecture framework for building 
an understanding of the NRM system, where an architecture framework is used to 
build for any system an architecture description within which data is collected, 
organised and maintained.  Hence, DoDAF is equally applicable to a nature reserve 
system, as to the NRM system  
Data is defined in DoDAF as a “representation of information in a formalised manner 
suitable for communication, interpretation, or processing by humans or by automatic 
means” (Table D.3).  The key here being that the architecture description is 
dependent on data for its existence.  The information model at Figure 6.7 aligns with 
information and data relationships normally identified as an OV-7/DIV-1 diagram in 
the DoDAF architecture framework (Table D.2).  As will be shown in section 6.6.14, 
the information contained within the OV-7/DIV-1 diagram for a nature reserve 
system is a subset of the OV-7 diagram for an NRM system.   
6.5 NRM	system	and	DoDAF	
Appendix D contains details of the viewpoints and their views that comprise an 
architectural description based on DoDAF, as incorporated into UPDM.  The 
viewpoints are:  Acquisition/Project; All; Operational; Service-Oriented; Strategic 
(Capability); System; and Standard (Technical).  The inclusion of double identifiers 
is due to UPDM being an amalgam of DoDAF and MODAF; however, for current 
purposes reference is made to Project, Service, Capability and Standard.  Summary 
descriptions of the seven viewpoints and their views are in Table D.2.  Herein, a 
reference to DoDAF (viewpoint or its views) should be interpreted as DoDAF 2.0 as 
incorporated into UPDM. 
An essential prerequisite to creating an architectural description is understanding 
the relationships between the viewpoints, which is best obtained from 
comprehending the conceptual data model (CDM) for DoDAF (Figure 6.10).  The 
DoDAF CDM is no different in concept to the conceptual models referred to in 
Chapter 4, but the inclusion of data (D) in the name gives emphasis to the model 
being a ‘data model’. 
6.5.1 Concept	Data	Model	(CDM)	for	DoDAF	
The CDM defines concepts - high-level data constructs - from which an architecture 
description is created.  Each of the concepts represented in the DoDAF CDM  
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(Figure 6.10) has a definition to aid in interpretation and application, as provided in 
Table D.3.  Although not detailed in either Figure 6.10 or Table D.3, each of the 
CDM concepts has attributes that form the data for each concept.  The number and 
range of attributes may vary depending on the system for which the architectural 
description is being created. 
 
Figure 6.10 - Key components and associations10 of DoDAF CDM11  
The conceptual model in Figure 6.10 is generic and contains all the concepts to be 
considered when describing the architecture of a man-made system.  Applying the 
generic CDM to create an architecture description of a management system 
requires interpretation of the CDM concepts, as represented by objects in the 
model, and their relationships (associations).  In this case an architecture 
description for a specific type of management system – an NRM system.  A guide to 
interpreting and moving between the concepts in Figure 6.10 with reference to the 
NRM system, is provided at Appendix I.  The guide commences with Vision and 
uses four groups of associated objects to convey the interrelationships of the CDM 
concepts.   
 
                                                
10 For explanations of each association see Appendix I.   
11 The Conceptual Data Model of Figure 10 is based on Figure 9.1-1 in United States Department of 
Defense (2009a) 
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The groups, indicating the colour of their concepts in Figure 6.10, are: 
Group 1 What is to be done and why (green) 
Group 2 What is being used (orange) 
Group 3 Measurement (yellow) 
Group 4 Policy framework (blue) 
Following a path through the DoDAF CDM via Groups 1 to 4 enables identification 
of what needs to be taken into account at a very high level, and provides a basis for 
identifying the particular viewpoints and their views to use in creating an architecture 
description for any system. 
6.6 The	 NRM	 system	 architecture	 description	 based	 on	 the	 DoDAF	
architecture	framework	
6.6.1 Introduction	to	the	NRM	system	architecture	
From section 4.4.1.2, the purpose of an architecture framework is to establish a 
common practice for creating, interpreting, analysing and using architecture 
descriptions within a particular domain of application or stakeholder community.  
The role of an architecture description is to use such a framework to manage the 
inter-relationships between data, to ensure consistency in data definition and its 
use, and to capture the context within which the system will operate.  The purpose 
herein is to demonstrate the usefulness of DoDAF in relation to an NRM system, 
and using SysML12 as the modelling language.  
The seven viewpoints of DoDAF (Table D.2), together with their various views, 
comprise a multi-perspective approach, incorporating all the concepts of the DoDAF 
CDM model (Figure 6.10).  In practice, depending on the purpose of the architecture 
description, not all of the 52 views (as in Table D.2) may be necessary when 
applying DoDAF to any particular system.  Reedy & Bellman (undated) provide 
recommendations on the initial views for consideration for different architecture 
exercises, of which the closest to management is their planning example, with 
recommended views of AV-1, AV-2, OV-1, OV-2, OV-3, OV-4, OV-5, OV-6a, OV-6c, 
SV-1, SV-5 and StdV-1 (Reedy & Bellman, undated p. 62).  Drawing on these 
recommendations the architecture views included herein for the generic NRM 
                                                
12 Formally a SysML diagram has a ‘diagram frame’ with a ‘header’ (as shown in Figure D.2) in order to 
accurately identify the diagram and its purpose.   For the illustrative example diagrams of the NRM 
system model included in section 6.6, and Chapter 7, that use SysML, the diagram frames have been 
omitted in order to focus on the content and use of the particular view being presented. 
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system are listed in Table 6.3 together with a reference to the section of this chapter 
where addressed.  
The three views of the All viewpoint (AV-1, AV-2 and AV-3) are essential for any 
system, as they provide the overall system architecture description, and the 
definitions of all terms and measures used in all other views forming the architecture 
description.  Equally important is the (Technical) Standards viewpoint that details 
the ‘rules’ (standards, agreements, constraints) and guidance that apply, in this case 
to reserve management.  Two of the three Standards views are used to illustrate the 
‘rules’ that might apply in a generic NRM system (StdV-1 and StdV-2).   
The Operations viewpoint is important, because it contains high-level views that in 
effect set the boundaries for detailed considerations in other viewpoints.  Key 
performers, activities, services and exchanges13 are defined via 14 views of which 
ten are used to illustrate the NRM system, comprising all bar one (OV-3) of the 
recommended views, together with OV-1b, OV-1d, OV-6b and OV-7 to provide a 
more comprehensive picture of the Operations viewpoint. 
Capability (in DoDAF) is having the ability to undertake or achieve particular desired 
effects but not the actual doing.  Activities that are undertaken to demonstrate 
capability are captured within the Operations viewpoint.  Although Reedy & Bellman 
(undated) do not include a Capability view in their recommendations, a single 
Capability view, a CV-6 diagram, is used as an illustration to demonstrate how 
capabilities map to operational activities.  
The views of the Services viewpoint are used to identify performers, activities, 
services and other exchanges that provide or support the functions of the system.  
Of the six Services views, one has been selected, an SOV-1 diagram or Service 
Taxonomy, which provides an hierarchy of services in the form of a class diagram.  
Although Reedy & Bellman (undated) do not include a Service view in their 
recommendations, one is included to demonstrate the Services viewpoint. 
There are 16 views for the Systems viewpoint, which together describe the 
composition of systems, the resources that flow between those systems and their 
measurement, lifecycles, transition and event tracings, and mappings of systems to 
services and capabilities.  These views are very detailed for any system, and albeit 
Reedy & Bellman (undated) recommend two views (SV-1 and SV-5), only SV-1, the 
                                                
13 ‘exchange’ represents a flow between producing and consuming activities and can be personnel, 
materiel and data/information (US DoD 2009b, p.48) 
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Table 6.3 - Architecture views of the NRM system and where considered 
View* Description Section 
All viewpoint 
AV-1* Text description covering system identification, 
scope, purpose, context and findings 
6.6.2 
AV-2* Architecture dictionary 6.6.3 
AV-3 Measurements 6.6.4 
Operational viewpoint 
OV-1a† High level operational concept graphic 6.6.5 
OV-1b† Operational concept – textual description 6.6.6 
OV-1d† Operational concept in the form of use cases 6.6.7 
OV-2* Key performers and their interactions 6.6.8 
OV-4* Organisation relationships 6.6.9 
OV-5b† Operational activity 6.6.10 
OV-6a* Operational rules 6.6.11 
OV-6b Operational state transition description 6.6.12 
OV-6c* Operational event trace description 6.6.13 
OV-7 Information model 6.6.14 
Capability viewpoint 
CV-6 Capability to operational activities mapping, 
identifying how operational activities support 
capabilities 
6.6.15 
Service-Oriented (Services) viewpoint 
SOV-1 Service Taxonomy that specifies an hierarchy of 
services 
6.6.16 
Systems viewpoint 
SV-1* Composition and interaction of systems, 
including human performers 
6.6.17 
Standards viewpoint 
StdV-1* 
and 
StdV-2 
Standards profile – describing the applicable 
legislation and provisions, and other mandatory 
requirements  
6.6.18 
*  Recommended by Reedy & Bellman (undated) 
†  Reedy and Bellman (undated) refer only to OV-1 
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systems and services interface description, is included for the generic NRM system 
description due to the absence of details necessary to construct the SV-5 view. 
Projects are defined (in DoDAF) as groups of specific activities with defined time 
frames and milestones.  The three views of the Project viewpoint are difficult to 
demonstrate within a generic architecture description since they primarily comprise 
a list of projects with associated start and end dates.  As they are not recommended 
by Reedy & Bellman (undated) they are not examined further in this section.  
However, in the context of applying the generic NRM system in the second case 
study (section 7.3 - Archbold Biological Station (ABS)) potential generic formats for 
each of the Project views are established (section 7.3.5.2).   
Descriptions of each of the views listed in Table 6.3 are in sections 6.6.2. to 6.6.18. 
6.6.2 System	description	(AV-1)	
The system under consideration is defined in terms of Project Identification, Scope, 
Purpose, Context, Status and Findings (AV-1 text description).   
An AV-1 for the generic NRM system as presented herein is at Box 6.3.  
Box 6.3 - Overview and Summary (AV-1) (generic) 
Project Identification:  Nature Reserve Management System (NRM System) 
Scope:  All views (AV-1, AV-2 and AV-3), together with a selection of views from 
the Operational (OV-1a, OV-1b, OV-1d, OV-2, OV-4, OV-5b, OV-6a, 
OV-6b, OV-6c and OV-7), Capability (CV-6), Service-Oriented (SOV-1), 
System (SV-1) and Standard (StdV-1) viewpoints, to illustrate the 
different perspectives to considering the system for management of a 
nature reserve 
Purpose: To develop an architecture description of a nature reserve management 
system, as a means to better understand the contextual environment in 
order to improve the management of reserves  
Context: Investigation into the management of nature reserves, from the 
perspective of a generic NRM system 
Status:  The NRM system architecture is incomplete.  Additional views are 
required if the architecture description were to enable design and 
operation of an NRM system comprising software and hardware 
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6.6.3 Architecture	dictionary	(AV-2)	
Creation of a dictionary of each term or name for elements used in an architecture 
description is essential to ensure consistent use throughout, and correct and 
consistent interpretation of the models by all readers.  As different views are created 
new elements are identified and defined, and all definitions captured to form the 
specific-system architecture dictionary (AV-2 text description).   
Many elements of the NRM system have already been referred to and defined: 
domains are defined in Table 6.1; stakeholders and key performers are defined in 
Appendix H; and the definitions of classes in the information model of Figures 6.7 
and 6.8 are at Appendix G.  These all form part of the NRM system architecture 
dictionary (AV-2) but are presented separately for easier reference.  Key terms are 
included in the Glossary 
6.6.4 Measurements	(AV-3)	
Measurements are captured in terms of ‘type of measure’ and ‘measure’, where the 
latter is expressed through a ‘measure name’ and units of measurement.  As with 
definitions, measurements are identified as the architecture description develops.  
There are many elements of an NRM system that require measurement in some 
way.  To illustrate, a few generic descriptors of a nature reserve are provided in 
Table 6.4 in terms of their ‘type of measure’, measure ‘name’ and ‘unit’ of 
measurement, together with examples of measures (latitude, date and time) from 
the information model class attributes in Appendix G. 
6.6.5 A	high	level	view	(OV-1a)	
The first view of the Operations Viewpoint is a high-level concept diagram of the key 
performers in the system (an OV-1a diagram).  The role of this graphic is to depict 
what the NRM system is supposed to do from a high-level perspective, and how it is 
supposed to do it, taking into account interactions with its environment and any 
external systems.  Seven key performers for the NRM system are identified from a 
management perspective (Figure 6.11).  The key performers include the natural 
system (including non-human stakeholders, that is OtherOrganisms), external 
influences, and all Person stakeholders identified for the Information Model (section 
6.4.3).  Person stakeholders are grouped to reflect the degree of formality of the 
relationship between the stakeholders in the key performer group and reserve 
management. 
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Table 6.4 - Illustrative measures* for an NRM system  
Element Type of 
measure 
Measure Name Unit  
Coverage Dimension Area Square kilometre 
Land 
coverage 
Dimension Area  Square kilometre 
Water/sea 
coverage 
Dimension Area  Square kilometre 
Height above 
sea level 
(maximum) 
Dimension Elevation  Metre 
Ocean Depth 
(maximum) 
Dimension Depth Metre 
IUCN 
category 
Index Protected Area 
type 
Protected area index with values: 
IA, IB, II, III, IV, V and VI 
Ownership Index Ownership type Public or Private 
Visitors Count Visitor Number ≥ 0 
Maximum 
daily 
temperature 
Temperature Temperature  Degree C 
Activity date Time Date year-month-day 
(standard international format) 
Start time Time Start time Hour: Minute 
Range 00:00 to 23:59 
Latitude Location Latitude A GPS reading in the form: 
indicator:degrees:minutes;seconds 
Latitude 
indicator 
Location Latitude 
Indicator 
North (+) or South (-) of the 
equator 
Latitude 
Degree 
Location Degree 0 to 90 
Latitude 
Minute 
Location Minute 0 to 60 
Latitude 
Second 
Location Second 0 to 60 
*  See Definitions of ‘Measure’ and ‘Measure Type’ in Group 3 of Appendix I 
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Definitions of, and relationships between, key performers and stakeholders are at 
Appendix H. 
Embodied in Figure 6.11 are the following assumptions: 
i) reserve management does not, and cannot, manage the natural system; 
through management of human activity managers can only seek to 
modify the natural system;  
ii) there is more to managing a nature reserve than modifying the natural 
system; and 
iii) an OV-1a (as represented by Figure 6.11) is a very high level view of the 
NRM system, since there is no information provided on either the 
magnitude of the interactions or their impacts. 
 
Figure 6.11 - Key performers in NRM system (OV-1a) 
 
6.6.6 A	high	level	concept	description	(OV-1b)	
A second high-level view is provided by an OV-1b, a text description of the 
information in an OV-1a, providing more detail of the functions encapsulated in the 
OV-1a.  An OV-1b for the NRM system (Figure 6.11) is as follows. 
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The NRM system is a system describing the management of a nature reserve, 
where management refers to managing human activity, and may involve: 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
These 11 items comprise the OV-1b for the NRM system and the activities 
they represent form the basis of the activity to be described in the other 
views of the NRM system architecture description.  Note that at this stage in 
1. Carrying out standard business functions associated with the 
management of employees and assets, including 
purchasing; 
2. Dealing with enquiries from the general public, which could 
include general enquiries, payment of fees, bookings to 
participate in activities and/or for various types of 
accommodation, and responses to the media;  
3. Providing and maintaining services and facilities available for 
the use of visitors (including search & rescue services); 
4. Controlling resource extractors by issuing licenses/permits 
and ‘policing’ resource extraction; 
5. Managing the relationship with controller (reserve owner or 
representative) including meeting reporting requirements and 
seeking to influence governance arrangements; 
6. Setting directions and priorities with appropriate stakeholders 
and representatives; 
7. Understanding potential adverse external events, 
undertaking activities to mitigate outcomes should such 
events occur, and having appropriate practices in place to 
address the event at the time; 
8. Determining extent of involvement, and subsequent 
participation, in research activities undertaken at reserve by 
external parties; 
9. Planning and organising the conduct of internal research, 
monitoring exercises, data processing and analysis;  
10. Planning and organising activities to modify the natural 
system; and  
11. Planning and undertaking educational activities. 
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the architecture description creation there is no reference to how any of 
these activities would be implemented. 
6.6.7 Use	cases	(OV-1d)		
Another high-level view of the NRM system is obtained through identification of use 
cases (an OV-1d diagram).  The reserve management performer has relationships, 
represented as activities of the system, with the other key performers (from Figure 
6.11.  Each type of key performer represents one or more performers of that type, 
although for any particular reserve there may be no performers of a specific type.   
From a use case perspective key performers represent more than just person 
stakeholders.  For example, in addition to reserve personnel the reserve 
management performer can represent an online booking service for guided activities 
and/or overnight accommodation, while the visitor performer can also represent 
‘vehicle’. 
The use cases forming an OV-1d for the NRM system (Figure 6.12) are still high 
level, since the specific activities comprising the relationships are not detailed. 
Figure 6.12 also only represents each use case from the perspective of reserve 
management.  For example, while reserve management ‘sells’ (something) to a 
visitor, the reverse also applies, that is, visitor ‘buys’ (that something) from reserve 
management.   
6.6.8 Key	performers	and	their	interactions	(OV-2)	
In the high-level concept diagram OV-1a (Figure 6.11) a broad indication was 
provided of the relationship between each key performer and reserve management.  
An OV-2 diagram, also a context diagram, details the actual exchanges that occur 
and the items that form the interactions between reserve management and each 
performer (Figure 6.13). The types of exchanges expected between the key 
performers for the generic NRM system being developed, are shown in Figure 6.13 
in the form of an OV-2 diagram as represented in Artisan Studio 14 , showing 
performers and the resource flows between them. 
 
                                                
14 Artisan Studio is a modeling tool, now PTC Integrity Modeler, available from 
http://www.ptc.com/application-lifecycle-management/integrity/modeler 
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Figure 6.12 - Use cases of NRM system identifying the interactions between 
reserve management and other key performers (OV-1d) 
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In the case of a visitor, the relationship involves reserve management providing 
facilities and services for the use of the visitor, with the visitor providing payment 
where access or service fees are charged and reserve management provides a 
receipt.  The latter is an example where reserve management may not represent 
reserve personnel but instead a pay machine is provided at the reserve.  
6.6.9 Organisational	relationship	chart	(OV-4)	
An OV-4 diagram provides a ‘view’ of the structure of the organisation to which the 
model refers, in this case the organisational structure relating to a nature reserve.  
The OV-4 diagram usually contains both structural elements and positions (to be 
occupied by people) within those structural elements, and these are differentiated 
within the diagram using standard SysML stereotype representation as follows:  
• a structural element is designated by the stereotype <<OrganisationType>>, 
and  
• a position by the stereotype <<PersonRoleType>>.  
An OV-4 diagram for an NRM system is at Figure 6.14, which shows there is only 
one manager (of <<PersonRoleType>> = manager) of a nature reserve and six 
typical areas of management (finances, human resources, information technology, 
services, research and public relations).  Figure 6.14 is labeled ‘partial’ because 
only two of the management areas have been expanded for illustrative purposes 
(finances and services).  
Indicated in Figure 6.14 is that there could be zero or one of each of the six areas of 
management.  In an actual organisation, management areas may be combined, or 
not even exist (e.g. there may be no services provided). The composition symbol 
(filled diamond) is used for the relationships between organisation elements since 
the management area elements do not exist independently of the nature reserve 
organisation.   
Similarly, the elements of NR Services and NR Finances do not exist independently 
(composition symbol), and for an actual organisation may be combined or not be 
part of the organisation (e.g. there may be no food or beverages available at a 
reserve).  The “1” against the composition symbol indicates that the elements of NR 
Services and NR Finances, where they do exist, only belong to one management 
area.  Specifically for ‘Visitor Programs’ this means there is only one part of the 
organisation that has responsibility for Visitor Programs. 
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There can be many different types of visitor program and many occurrences of a 
particular type of visitor program, and this is indicated by the composition symbol at 
the ‘Visitor Programs’ end of the connecting lines to the two <<PersonRoleTypes>>.  
These two connecting lines indicate that both rangers (one or more) and volunteers 
(one or more) may be involved in the Visitor Programs area of the organisation.  
Figure 6.14 is a very high level view of a template for a nature reserve organisation, 
with every element of the diagram capable of extension. More detailed organisation 
diagrams are provided for the two case studies (Chapter 7). 
6.6.10 Operational	activity	(OV-5b)	
An OV-5b diagram for a generic nature reserve is extremely large, as it needs to 
include all possible activities.  To illustrate with just one area of activity, an 
operational perspective of the behaviour and the performers comprising the Visitor 
Programs area of the organisation description (Figure 6.14) can be represented by 
an OV-5b diagram (Figure 6.15).  In this context a visitor program comprises 
activities (in the sense of the Information Model in Figure 6.7), which involve visitors 
(<<Performer>> ‘Visitor’) who undertake activities (stereotype of <<Performs>>), 
may be led by a person (<<Performer>> ‘ReservePersonnel’, being an employee or 
volunteer) associated with the nature reserve, and is expected to involve one or 
more reserve facilities.  The example also focuses only on the activities once the 
visitor arrives at the reserve.  Any prior activity that leads to the person becoming a 
visitor is treated as an activity involving a <<PersonRole>> ‘General public’. 
What is immediately apparent from Figure 6.15 is the absence of any activity in the 
form of the use of facilities by any of the Performer stereotypes identified.  For 
example, <<Performer>> ‘VisitorVehicle’ may use a carpark facility, and a guided 
activity may use a specific walking trail.  These are excluded from Figure 6.15 
because they are not specific activities undertaken by reserve personnel to form the 
Visitor Programs.  The creation, maintenance and use of facilities is addressed 
within the <<OrganisationType>> ‘Facilities’ identified in Figure 6.14. 
6.6.11 Operational	rules	(matrix)	(OV-6a)	
The OV-6a view supports specification of any operational or business rules that are 
constraints on the way operational activities are conducted in relation to a nature 
reserve.  Using the OV-5b diagram at Figure 6.15, for the Visitor Programs, potential 
example constraints/rules are detailed in Table 6.5.   
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Constraints such as those identified in Table 6.5 are important in terms of 
determining, and scheduling, what resources are needed over what time periods. 
Table 6.5 - Example operational rules for <<Standard Operational Activity>> 
Visitor Programs (OV-6a) 
Operational Element Rule (operational) 
Type Name Name Text 
<<Activity 
(Operational)>> 
Access check Access fee not 
pre-paid  
If supplier or reserve 
personnel, allow access 
without paying fee. 
If other, advise fee to be 
paid. 
<<Activity 
(Operational)>> 
Receive fee 
payment 
Access fee to be 
paid 
On payment issue receipt 
and allow access 
If no payment received, 
deny access 
<<Activity 
(Operational)>> 
Provide guided 
activity 
Participant 
numbers 
No minimum to number of 
participants. 
Maximum participants 
restricted to 25 
<<Activity 
(Operational)>> 
Provide guided 
activity 
Duration of 
activity 
Maximum 2.5 hours 
<<Activity 
(Operational)>> 
Food/Drink/ 
Souvenir sales 
Operating hours Operating hours limited to 
11:00 to 15:00 hours 
<<Activity 
(Operational)>> 
Assign overnight 
stay facility 
Cabin 
accommodation 
All weekend cabin 
assignments must be for 
2 consecutive nights 
<<Performer>> VisitorVehicle Vehicle Must display access 
receipt at all times when 
in reserve 
<<Performer>> Visitor [none] [none] 
<<Performer>> Reserve 
Personnel 
Guide Must be on-site at activity 
collection point at least 10 
minutes before activity is 
to start 
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6.6.12 Operational	state	transition	description	(diagram)	(OV-6b)	
Staying with the Visitor Programs operational activity, assume that for a guided 
activity the involved reserve personnel (Guide) needs to drive from base to the 
starting point of the activity, conduct the activity, and after the activity is completed 
return to base.    
Figure 6.16 identifies the states that the Guide can be found in, together with the 
events that cause the change, or transition, from one state to another, being ‘Guide 
available’, ‘arrival at destination’, ‘participants gathered, ‘briefing completed’, ‘arrival 
at base’ and ‘Guide available’.  
 
Figure 6.16 – Guided activity operation states (OV-6b) 
Although the guided activity example is relatively simple, using an operational state 
transition diagram as in Figure 6.16 helps to identify what drives changes and what 
activities need to be identified.  The recording of times enables calculation of 
duration of activities as input to determining schedules. 
Other aspects with states that could be represented with a state transition diagram 
include i) operation of an access gate in terms of when open/closed and with or 
without collection of an access fee, and ii) reserve persons and their availability, 
where availability can have states of available/on leave/scheduled on another 
activity. 
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6.6.13 Operational	event	trace	description	(diagram)	(OV-6c)	
Operational event trace description is primarily a way of depicting a time-ordered 
view of information exchanges for a particular scenario.   Consider the use case 
‘Approve extraction’ involving two performers: reserve person and extractor. 
Assume the business rules for this scenario are as follows: 
• Extractor is required to submit an application identifying what is to be 
extracted, in what quantity, where from in reserve (site/s), and how 
o On the expectation that the extraction process may result in damage 
to the reserve’s natural system, details are required of proposed 
reparation 
• Reserve person is required to visit site/s to assess potential damage to 
natural system and extent of any required reparation 
• Reserve person undertakes assessment and determines whether 
application is approved or rejected 
The event trace description based on these rules is shown in Figure 6.17, where the 
size of the bars on the <<Performer>> lines give an indication of length of activity. 
Although Figure 6.17 is only illustrative, for an actual reserve both estimated and 
actual time can be represented with such a diagram, where ‘time’ progresses from 
the top to the bottom of the diagram. 
From a management perspective the OV-6c, as well as OV-6b, diagrams provide a 
way to capture considerations and understandings of the tasks that comprise higher 
level reserve management activities, including taking into account sequencing and 
time to complete.  
6.6.14 Information	model/Conceptual	Data	model	(diagram)	(OV-7/DIv-1)	
The purpose of an OV-7/DIV-1 diagram is to define the architecture description’s 
information classes and their attributes, and the relationships between the classes.  
The information model of a nature reserve at Figure 6.7 (section 6.4.3) is an 
example of such a diagram, but as already identified forms only part of the 
information model for an NRM system (section 6.4.4). 
The OV-2 diagram for an NRM system with exchanges shown between key 
performers (Figure 6.13), is the starting point for examining an OV-7 diagram.  Each 
of the exchanges between key performers is a pointer to an item of information.  
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Figure 6.17 - Event trace for extractor application (OV-6c) 
 
Considering the relationship between visitor and reserve management only, there 
are two questions to be answered: 
i) What is the information or action reserve management needs from 
visitor? 
ii) What is the information or action visitor needs from reserve 
management? 
For example, a person needs to access a reserve to become a visitor to that 
reserve.  Access may or may not be controlled, and an access fee may or may not 
be payable, either at the time of access, pre-paid or during the visit.  A visitor may 
use the facilities and services provided or potentially in some situations also use 
equipment (e.g. an external researcher using reserve transport to access a remote 
research site in the reserve).  Access with or without payment of a fee is not 
captured in the information model at Figure 6.7, but is captured in an OV-7 diagram 
as in Figure 6.18, which uses the SysML stereotypes of  <<EntityItem>> for classes 
and <<InformationElement>> for exchanges. 
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Figure 6.18 allows for ‘visitor’ to be categorised by arrival transport mode (e.g. car, 
motorcycle, bus, bicycle, or pedestrian) and for the entry fee to be determined 
according to mode of transport and fee rate (e.g. ‘day fee’, ‘annual fee’), which may 
also include or ‘exempt’ from payment).  The latter encompasses reserve person 
and visitors who have prepaid e.g. have an existing annual pass or are re-entering 
on the same day with a day pass.   
 
 
Figure 6.18 - Information requirements associated with accessing a nature 
reserve  
The additional information of entry, entry fee, payment and receipt from Figure 6.18 
highlight aspects of the management system but do not indicate how entry or 
payment is implemented. 
Other activities that when examined through the context of an OV-7 diagram leads 
to the identification of additional information and management considerations are: 
1) visitor participation in a guided walk – a ‘guided type of Education activity 
(Figure 6.8), requires assignment of assets, being one (guide) or more 
(assistants) reserve people to manage the walk, one or more pieces of 
equipment (may need a bus to transport people to the start of the walk), 
one ore more facilities (could use one or more walking trails, road to 
starting point of walk, and parking area) and information (e.g. a bird list 
for the area).  Before being assigned assets have to be established as 
available and this may lead to creation of schedules and rosters. 
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2) monitor activity – a NaturalSystemDirected activity involving one or more 
assets, where an asset could be people (person), equipment (including 
consumables), information and facilities (Figure 6.7).  Although 
involvement of a facility in a monitoring activity on first consideration may 
seem unlikely, there are situations where organisms of the natural 
system take up residence in/on facilities and monitoring may become 
essential to ensure appropriate facility maintenance. 
From a management perspective, monitor activity is not just an activity 
involving monitoring, but a series of interconnected activities reflected in 
planning, organising, resourcing, and budgeting.  Use of the information 
collected as part of a monitoring exercise e.g. analysis or reporting, is not 
part of the monitor activity but are derived activities that are reflected in 
analysis of all potential activities of reserve person.  
All of the Information contained within an NRM system model can be represented in 
interconnected diagrams similar to that of Figure 6.18. 
6.6.15 Capability	(CV-6)	
What an organisation is expected to do is identified in the OV-1a and OV-2 
diagrams (Figure 6.11 and Figure 6.12), but there is no indication in these two 
diagrams of how and what is reflected in the relationships between the key 
performers.  For example, in Figure 6.11 ‘External influences’ are shown as 
impacting on ‘Reserve management’.  Based on the definition of external influence 
(Appendix G), examples of external influence include natural events such as storm, 
flood and fire (resulting in damage to the reserve), political events (resulting in a 
reduction in the reserve’s budget), or illegal dumping of chemical waste upstream of 
the reserve (resulting in contamination of water entering the reserve and damage to 
the natural system).  There are two management approaches to deal with these 
situations, recognising that the approaches are not mutually exclusive: 
i) prepare for such a situation, by undertaking in advance preparations to 
enable better management of, and potentially better outcomes from, the 
situation, and 
ii) only take action as and when the situation arises. 
From a management perspective, these two approaches can be described as 
‘operational’ (i) and having ‘capability’ (ii).  The difference between ‘operational’ and 
‘capability’ is important, as it applies to all relationships between key performers, not 
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just ‘external influences’.  Mapping the relationships between operational and 
capability is one of the views within DoDAF (CV-6).   
Fire management provides a useful illustration.  Assume there is a requirement for 
those responsible for a nature reserve to react to a threat of fire to, or an actual fire 
at, the reserve.  Also, that this general requirement has sub-requirements of: 
• protect assets and visitors, 
• inform and/or rescue people in danger, 
• suppress fire, and 
• command and control the situation. 
These requirements can be translated into capabilities of ‘people safety’ (comprising 
‘inform’, ‘search’ and ‘rescue’), ‘asset protection’, ‘fire suppression’ and ‘command 
and control’ that need to be in place to meet the specified requirements.  Then when 
a fire does occur operational activities come into play. An example of an 
operational/capability mapping is provided in Figure 6.19 for fire management.  Fire 
at a nature reserve can take many forms, from a conflagration to an incident that 
can be immediately extinguished, and everything in between.  An actual fire requires 
an immediate response to suppress, involving who, with what, and how, all 
depending on the extent of the fire.  Options are considerably reduced if there is no 
fire fighting equipment available (including the essential fire retardant - water), no 
one with fire fighting experience, and no means of communicating that assistance is 
required. 
Establishing capability is an essential management activity to ensure that capability 
can be drawn on to implement appropriate operational activities when the need 
arises.  Also, establishing capability ought not be interpreted as requiring reserve 
personnel to maintain all the necessary capability/skills to meet all the requirements. 
For example, for fire management, capability might refer to managing processes to 
obtain assistance from other groups external to the reserve, such as ‘emergency 
services’ to rescue people in danger. 
6.6.16 Services	(SOV-1)	
Services are best thought of as “a unit of work through which a provider provides a 
useful result to a consumer” (OMG, 2013).  The use cases in Figure 6.12 are a 
useful starting point for identifying the ‘services’ to be captured within the NRM 
system.  
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For example, suppliers provide supplies (consumables and/or assets) to a reserve, 
generally only at the request of the reserve and only when there is a need for the 
supply.   
In respect of the architecture description, the availability of a supply serves to meet 
a capability requirement; the use of a supply meets an operational requirement. 
Behind the supply service is an acquisition and payment process that provides a 
‘service ‘ to the supply requester, often encapsulated in a ‘system’ (see section 
6.6.17).  
Another example (from Figure 6.12) is the provision of services to visitors to a 
reserve in the form of guided activities, selling activities and provision of facilities.  
The first two, guided and selling activities are direct services between provider and 
consumer.  Services associated with the provision of facilities are less direct since 
they include ensuring the facilities are safe (e.g. on-site gas barbeque operates 
correctly, adequate fencing at lookouts), clean (e.g. any food preparation area) and 
supplies where provided are available (e.g. water, and paper in toilets).  A high level 
illustration of the types of service associated with a ‘facility management service’ is 
provided at Figure 6.20.  There are three types of ‘facility management service’ - 
monitor, supply and repair.  Additional services that support the facilities 
management service are also included in Figure 6.20.  These services are vehicle, 
personnel schedule, payroll and equipment, with types of vehicle and equipment 
services also identified.  The interfaces between ‘facility management service’ and 
the supporting services included in the high-level SOV-1 would be identified in other 
Service views.  In a complete architecture description each of the services 
represented in Figure 6.20 is further described in terms of the attributes comprising 
the particular service, as well as how the individual service interfaces map to 
capabilities.   
6.6.17 Systems	(SV-1)	
The systems viewpoint is about mapping the operational world onto physical 
locations and resources (Systems and Software Consortium Inc, 2006).  Systems 
associated with a particular nature reserve are dependent on the types of activity 
undertaken and services provided at the reserve.  For example, Figure 6.15 in 
relation to Visitor Program includes an access check and payment, referred to as an 
‘access system’.  At some reserves there may be no control at an entrance and 
hence no physical barrier to entry. This could mean there is no access fee, or  
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alternatively that there is an access check system involving a reserve person going 
to the reserve and checking if access fee has been paid.  In the latter case, the 
system for payment could be based on prepayment, or payment via machine at the 
reserve, with both providing an indication of payment for display in vehicle.  A third 
option could involve purchase direct from the reserve person when in attendance. 
From a management perspective, there are three main elements to the ‘access 
system’, which can involve various forms of implementation to suit the 
circumstances at the reserve, and each is a system within itself.  In SysML the 
elements are generally referred to as ‘nodes’, and for the ‘access system’ the nodes 
are: 
1) ‘visitor’ – comprising a system of at least one person and (usually in) a 
vehicle 
2) ‘payment/receipt’ – a system supporting payment by visitor and providing 
proof of payment 
3) ‘check’ – a system, operating at a reserve, which checks that an appropriate 
payment has been made  
In this generic access system description there is no indication of what the 
interfaces would be or how they would be implemented (Figure 6.21). 
 
 
Figure 6.21 - Nodes and interfaces of systems associated with a system 
controlling access to a reserve - an 'access system' (SV-1) 
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Each of the organisation areas of a nature reserve identified in Figure 6.14 will have 
one or more systems to support the area’s operations.  For example, the human 
resources area requires systems to support personnel leave, scheduling and payroll 
operations.  Such systems may or may not be linked to the systems for another 
area, and they may or may not be based on software packages.  The latter is an 
implementation issue and is excluded from the Systems views, but in a complete 
architecture description all systems and their interconnectedness need to be 
identified.  
6.6.18 Standards	(StdV-1	and	StdV-2)	
The technical or standards viewpoint articulates the applicable operational, 
business, technical and industry policy standards, guidance, and constraints 
(collectively referred to herein as ‘rules’ - group 4 of the DoDAF Conceptual Data 
Model at Figure 6.10) applicable to a nature reserve and where they apply in the 
NRM system model.  Some obvious ‘rules’ include: 
1. any establishing legislation and associated regulations applicable to the 
reserve 
2. operational policies of organisation with management responsibility for 
reserve 
3. any legislation that governs the conditions of employment of people working 
at the reserve  
4. any legislation that governs working operations at the reserve, e.g. 
occupational health and safety, licensing (e.g. licence to operate particular 
types of vehicle or equipment), certification (e.g. first aid certificate) or 
training (e.g. fire fighting)  
There may be many ‘rules’ applicable to any particular nature reserve.  For 
example, the legislative requirements applicable to nature reserves in the Australian 
Capital Territory at Appendix F, but these only addresses 1) of the above four types 
of ‘rules’ that could be applicable.   
An illustration based on employment arrangements shows the formal diagram 
presentation used to capture ‘rules’ (Figure 6.22).  In a more formal ‘rules’ diagram, 
the date from which particular legislation, etc applies is captured by a Note on the 
connecting line, and the actual identifier of the particular standard included in the 
labelling, together with any anticipated changes.   
                                                                       Chapter 6 NRM system model 
___________________________________________________________________ 
 
155 
The diagram is read as: Employment conditions are governed by Legislation and in 
this case four different pieces of legislation, being the Public Service Act, the Crimes 
Act, Equal Employment Opportunity (EEO) Act and the Occupational Health and 
Safety (OH&S) Act.   
Other ‘rules’ also apply to employment conditions such as the person must i) have a 
driver’s licence, the conditions of which are determined by regulations under the 
Road Transport Act, ii) be trained in first aid and have a First Aid Certificate, and iii) 
be trained in the use of communication equipment and procedures and operate in 
accordance with the communication protocols confirming to the communications 
standard. 
 
Figure 6.22 - Illustration of 'rules' applying to reserve employees (StdV-2) 
 
Using the same example of employment conditions as in Figure 6.22, Table 6.6 
shows activities within the model where the ‘rules’ are to apply, in the form of an 
StdV-1 model view.   
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Table 6.6 - Illustration of activities where conformance with the 'rule' applies 
(StdV-1) 
Conforming 
element ! 
Legislation" 
Field 
operations 
Fire 
management 
Guided 
activities 
Search & 
Rescue 
Recruitment 
Public Service 
Act 
    x 
Crimes Act x x x x x 
EEO     x 
OH&S x x x x  
Communications x x  x  
Driver licensing x x  x  
First Aid x  x X  
 
6.7 Discussion	-	NRM	system	model	
Demonstrated in section 6.6 is the ability to create an NRM system model for a 
generic nature reserve in the form of an architecture description based on DoDAF 
(as implemented in UPDM).  A selection of views, reflecting six of the seven 
viewpoints of DoDAF, is included.  The seventh viewpoint, Project, applies to 
specific activities with start/end dates and assigned assets (people and equipment) 
and adds little to the understanding of an architecture description for a generic NRM 
system model (see paragraph 8 of section 6.6.1).   
For many of the DoDAF views either a high-level element or a subset of 
components is used to build the model.  For example, each of the key performers in 
the high-level concept diagram at Figure 6.11 (OV-1a) represents a number of 
different types of performer, whereas the organisation diagram of Figure 6.14 (OV-
4) represents a very small segment of the possible organisation diagram.   
Understanding the definitions of the concepts used in DoDAF is important to being 
able to generate the respective models for the different views.  In particular, 
preparedness in the form of capability imposes on management a range of activities 
essential to enable conduct of many operational activities. 
The example diagrams provided in section 6.6 demonstrate not just the suitability of 
using an architecture framework to describe an NRM system, but that such an 
approach forces the modeller to consider the same aspect from different views, the 
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interconnectedness between aspects, the complexity of the management task, and 
its magnitude.  As an aid to comprehending the interconnections and deciding which 
views should be modelled for a particular instance of a nature reserve, the 11 
generic nature reserve management activities established in section 6.6.6 are cross 
referenced against the DoDAF viewpoints except for the All viewpoint (Table 6.7).  
The latter is omitted because by definition the All viewpoint applies to all other 
viewpoints. 
The magnitude of the task of creating a complete model (architecture description), 
with all relevant views, for a generic NRM system requires significant effort beyond 
the scope of this research.  However, the application of such an NRM system to two 
case studies is reported in Chapter 7, with the aim of assessing whether the effort 
involved in creating models for particular nature reserves is of benefit.   Each of the 
case studies also draws on Table 6.7 to assess which viewpoints and views should 
be considered for that nature reserve.    
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7 Case studies 
7.1 Case	studies	introduction	
In order to assess the validity and usefulness of the model (architectural description) 
of the nature reserve management (NRM) system in the form of DoDAF15, two 
reserves were selected: Barren Grounds Nature Reserve (BGNR) in NSW and 
Archbold Biological Station (ABS) in Florida.  Selection is based primarily on the 
researcher’s knowledge of, and experiences at, the two reserves, plus, as 
previously identified (Table 2.1), BGNR and ABS though similar in size are quite 
different in respect of landscape, ownership, location and management.   
Section 7.2 for BGNR and section 7.3 for ABS demonstrate application of the NRM 
system model to the management of these two protected areas.  Each section 
contains a background description of the particular protected area, providing details 
from which a specific NRM system description can be built.  Section 7.4 provides an 
interpretation of the specific BGNR and ABS architecture descriptions relative to the 
validity and usefulness of the generic NRM system model.  The latter is in terms of: 
i) applicability, 
ii) whether the NRM system model captures all identified aspects of 
management of each reserve, and 
iii) whether the NRM system model leads to identification of missing 
elements of management for each reserve.  
7.2 Barren	Grounds	Nature	Reserve	(BGNR)	
7.2.1 BGNR	Background	
Barren Grounds Nature Reserve  (BGNR) comprises 2024 ha and is located on the 
top of an escarpment above Jamberoo in New South Wales (NSW), Australia.  
Gazetted in 1956 from a crown reserve created in 1941, BGNR is the third nature 
reserve declared in New South Wales.  BGNR is managed by the NSW National 
Parks & Wildlife Service (NPWS), in conjunction with the adjoining or nearby 
Budderoo National Park, and Robertson Nature Reserve16 (Keyzer, 2014; NPWS, 
1998, 2004). The current management principles applicable to nature reserves in 
New South Wales are detailed in the National Parks and Wildlife Act and include 
conservation of biodiversity, maintenance of ecosystem functions and protection of 
                                                
15 As in Chapter 6 a reference to DoDAF is a reference to DoDAF 2 as implemented in UPDM. 
16 Until two years ago Macquarie Pass National Park was part of the same management plan 
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natural phenomena; promotion of public appreciation and enjoyment; and research 
and monitoring (New South Wales National Parks and Wildlife Act 1974 No 80). 
BGNR supports a diverse array of wildlife, with populations of the threatened ground 
parrot and eastern bristlebird among the 180 recorded bird species.  Facilities 
include walking trails, lookouts, and a picnic area containing tables, bush toilet, 
water and information boards, and a small parking area.  Overnight accommodation 
is not available, nor is camping of any form permitted.  Also not permitted are wood 
fires, cats and dogs, and horse riding  (Figure 7.1).  
By prior arrangement, NPWS 
provides day school excursions 
for a fee per student; otherwise 
there are no guided activities or 
services provided at the reserve.  
For about two decades from 
1982 a Royal Australasian 
Ornithologists Union (RAOU) 17 
Bird Observatory operated at 
BGNR, providing visitor 
information, natural history 
courses and guided walks 
(Boughton, 2012).  Throughout this period the RAOU Bird Observatory wardens 
provided residential and day-trip educational opportunities for the general public, 
school groups and organisations, with guests staying overnight in a stone cabin 
known as The Lodge.  The Lodge (initially built as accommodation for researchers 
and honorary rangers) and the picnic area were constructed during the early 1960s.  
The Observatory consisted of a visitor information centre, warden’s house, and 
demountable buildings for a classroom, researchers accommodation, and the 
Observatory Office, as well as The Lodge (NPWS, 1998).  When the Bird 
Observatory closed in 2004, the demountable buildings were removed. 
During the period that the Bird Observatory operated, a program of research was 
commenced, with visiting researchers staying at the reserve, and close relationships 
maintained with the University of Wollongong.  The longest running program of 
research is focused on the relationship between the threatened ground parrot and 
                                                
17 The RAOU subsequently became Birds Australia and then BirdLife Australia. 
Figure 7.1 - Entrance sign to BGNR 
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the frequency of burning of the heathland habitat, with annual monitoring having 
taken place in the years from 1983 to 2009 (Baker et al, 2010; Keith et al, 2014).  
BGNR research is one of 35 core long-term research studies used in Burns & 
Lindenmayer (2014) to identify eco-system specific management recommendations 
to tackle the most urgent threats to Australian ecosystems.  Although Burns & 
Lindenmayer (2014) have BGNR ground parrot research as “inactive since 2009”, 
NPWS now undertakes ground parrot surveys twice per year (Norton, 2014).   
A research program at BGNR from 2004-2008 involving the trapping of long-nose 
potoroos (Norton, 2010) has been followed up with NPWS now undertaking potoroo 
trapping once or twice per year, as part of an evaluation of an ongoing fox control 
program using 1080 poison 
(Figure 7.2).  NPWS is also 
undertaking eastern bristlebird 
surveys once per year at BGNR.  
Any research activity at BGNR 
requires a licence, currently 
Environment and Heritage. 
(Norton, 2014)  
Information for BGNR is available 
widely via websites provided by 
government agencies 18 , tourist 
services19, and specialist sites20, 
and from local tourist outlets as 
well as the nearby NPWS Fitzroy Falls Visitor Centre in Morton National Park.  
BGNR is number 46 in the top 100 bird watching sites in Australia (Taylor, 2013), 
and is located within day-trip distance of the major urban areas of Wollongong (20 
km) and Sydney (100km) in NSW, as well as Canberra (200 km) in the ACT.  
Recreational activities are restricted to bird watching and walking on formed and 
posted tracks, and low-key picnicking.  Visitors must take away any rubbish they 
generate.  
Based on published management plans (NPWS, 1998 & 2004), management 
activities for BGNR ought to address:   
                                                
18 www.environment.nsw.gov.au, www.nationalparks.nsw.gov.au 
19 www.visitnsw.com, www.kiama.com.au, www.johnevans.id.au, www.exploroz.com,  
20 http://ibc.lynxeds.com, http://www.fluidr.com (photos), www.birdlife.org, http://www.eremaea.com, 
www.birdata.com.au/iba.vm 
Figure 7.2 - Fox control program signage 
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• Maintenance and improvement where necessary of recreation facilities 
o access road, walking tracks, picnic tables, shelter, toilet, lookouts 
o signage - information on distances, prohibition of camping, reasons 
why people must not walk through other sections of the reserve, and 
wood fires not permitted; information display boards 
• Control of non-endemic species (flora and fauna), particularly foxes and cats 
• Management of fire - there is a separate strategy document for fire 
management at the reserve (NPWS, 2006) 
• Continued encouragement of, and provision of opportunities for, scientific 
research 
• Provision of education opportunities aimed at improving public knowledge 
and appreciation of the natural systems and support for conservation 
• Promotion of appreciation of the value of vegetation remnants and 
encouragement of protection and revegetation outside protected area 
Resources (people and equipment) and how they would be managed to implement 
these activities are not addressed in the management plans, nor is there any 
reference to reserve security. 
7.2.2 BGNR	stakeholders	
Under the NSW National Parks and Wildlife Act 1974, nature reserves are areas of 
special scientific interest containing wildlife or natural environments or natural 
phenomena.  The physical geography of BGNR comprises a heathland plateau with 
forest on the slopes of the escarpment that almost completely encircles the reserve.  
Where the escarpment circle is broken, BGNR either abuts Budderoo National Park 
or a sealed rural road that forms part of the boundary to Budderoo National Park.  
BGNR is therefore well sited to minimize the impact of external influences such as 
invasive plant species and floods, but not so with feral animals.  Fire from lightning 
strikes is an element of the natural system.  Potential fire invasion from the adjoining 
Budderoo NP is managed via maintenance of a cleared management track along 
the BGNR/Budderoo NP boundary.  
In terms of the potential stakeholders of a nature reserve (Figure 6.8, section 6.4.3), 
their relationships to BGNR are: 
Environmentalists anyone who is interested in BGNR as a protected area and 
may not necessarily visit 
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Governments includes NPWS, NSW Office of Environment and Heritage, 
two Local Councils, with one council responsible for road 
passing entrance 
Local community local business operators selling to BGNR visitors and/or 
include BGNR in their advertising material as a local 
attraction; local indigenous population, and other nearby 
residents using BGNR for recreation purposes 
Media information about endangered species at BGNR attracts 
interest 
Nearby reserves BGNR is part of a corridor of connected protected areas 
running south from Sydney along the Eastern Dividing 
range 
Neighbours  owners of abutting properties (primarily at the base of the 
escarpment) together with NPWS (adjacent NP owner) 
Non-human living 
organisms 
all those living organisms comprising the natural system of 
BGNR, including resident and visiting wildlife 
Owner (controller) State of New South Wales 
Recreation users students who visit on day excursions and day visitors.  With 
BGNR well known as a bird watching site, sources of 
recreation visitors go far beyond the local catchment area 
Researchers mainly from University of Wollongong and NPWS 
Reserve personnel there are no NPWS personnel based at BGNR 
Resource extractors only researchers, and only if essential for research activity 
Service beneficiaries the local electricity authority maintains, in such a manner as 
to minimize vegetation clearing, an electricity power line 
that traverses the northern part of the reserve.  Land 
owners at the base of the escarpment benefit from water 
runoff from the BGNR plateau. 
Service providers NPWS personnel who maintain the facilities at BGNR 
(access road, tracks, picnic tables, toilet, signage, etc); 
come from Highlands Area or other areas within the South 
Coast region of NPWS (section 7.2.3) 
Suppliers providers of supplies e.g. materials to maintain facilities 
(access road, tracks, display structures, lookout structures, 
picnic tables) either direct to BGNR or to storage at NPWS 
Highlands Area, electricity authority 
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Volunteers none with the closure of the RAOU Bird Observatory, after 
which the Friends of Barren Grounds group is no longer 
supported 
7.2.3 Management	context	
NPWS has 65 (management) Areas that are distributed across 14 Regions in NSW.  
BGNR is managed by Highlands Area, which is located in the South Coast Region 
that looks after 33 protected areas comprising national parks and reserves 
(http://www.environment.nsw.gov.au/NPWS/NPWSRegions.htm as at 03 May 
2013).  Each Region has their own Advisory Committee, with members having a 
wide variety of backgrounds and coming from that Region.  Area Managers and 
Rangers attend field-based Advisory Committee meetings, as appropriate (Keyser, 
2014) (Figure 7.3). 
 
Figure 7.3 - Organisational structure of NPWS with respect to BGNR  
 
All management activities associated with BGNR are undertaken off-site.  All 
services (e.g. guided school excursions and facility maintenance) and participation 
in research, monitoring or modifications undertaken at the reserve by NPWS 
personnel must be scheduled and resources (personnel and any necessary 
equipment and supplies) allocated.   
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There is no published information on NPWS activity at BGNR in recent years. 
Norton (2014) provides information on current research and monitoring activities.  A 
visit to the reserve by the researcher in early June 2014 provides evidence of 
maintenance activity by observing the presence of heavy road making equipment 
and associated materials together with slashing along tracks.  Most of the signage 
throughout the reserve looks cared for, although the information displays at the 
picnic area still refer to the Bird Observatory, which has been closed for more than a 
decade. 
No fences are visible around the 
reserve and although there is a 
gate at the entrance (Figure 7.4) 
vegetation growth around the gate 
suggests non-closure on a daily 
basis, even though the reserve is 
open “Daylight to Dusk Only” 
(Figure 7.5).  The sign on the 
open gate (Figure 7.4) reads 
“CLOSED due to EXTREME fire 
danger conditions”; again 
suggesting gate closure is not a 
daily activity. Although relatively 
close in driving times to major 
urban centres, BGNR is quite 
isolated (mobile communications 
are poor).  The old wardens 
residence located near the 
entrance appears to be lived in the 
reserve, and that may be more of 
a deterrent to unwanted night 
visitors than a closed gate 
between no fences.   
With no specific resources or equipment assigned to BGNR, management of BGNR 
by the NPWS needs to be understood in the context of the multi-level organisational 
structure that applies (Figure 7.3), with specific reference to Highlands Area.   
Figure 7.4 – Open gate at BGNR entrance 
Figure 7.5 – Opening hours sign at BGNR 
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Highlands Area is responsible for a number of NPs and Reserves of which BGNR is 
but one; hence, positions within the organisational structure for Highlands Area have 
responsibilities ranging across all the protected areas within that Area.  Based on 
information provided by Keyser (2014), the relationships between these positions 
show how NPWS activities, as identified in the management plans for respective 
NPs and Reserves, are managed (Figure 7.6)21.  In contrast to the minimalist 
approach to facilities at BGNR, other protected areas in Highlands Area have more 
extensive facilities and significantly more visitors.  For example, Morton NP has a 
Visitor Centre and Café at Fitzroy Falls, adjacent to the Highlands Area Office.  
 
Figure 7.6 – Highlands Area organisational management structure as related 
to BGNR  
Within this framework the drivers for NPWS Highlands Area management to 
prioritise activity at, or associated with, BGNR are deduced to be: 
i) inclusion in management plan 
ii) approved research 
iii) facility hazardous to visitors (potential for legal action if not attended to) 
iv) fire danger (immediate response, as well as preparedness, i.e. capability 
to respond) 
                                                
21 Given the relationship between ‘Field staffer’ and ‘Priority setting meetings’, that is, a one to many 
relationship in both directions, the relationship has an association class that would enable identification 
of which field staffer attended which priority setting meeting.  For presentation purposes this has been 
omitted from Figure 7.6. 
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v) sightings of non-endemic species, both fauna (e.g. foxes and cats) and 
flora 
vi) reduced/blocked access (e.g. from storm damage) 
vii) emergency response (search & rescue) 
viii) vandalism  
ix) communications from stakeholder/s 
Only iv) and vii) require immediate response, with the response relying on previous 
establishment of capability ensuring appropriate processes can be put into effect 
and suitable resources (people and equipment) are available.  There is also 
potential for iii), vi) and viii) to fall into the ‘immediate response’ category, depending 
on the hazard or vandalism.  Otherwise all these drivers involve activities to be 
managed in terms of priority, planning and implementation as part of day-to-day 
operations that cover all NPs and Reserves under the responsibility of Highlands 
Area management. 
7.2.4 Management	activity	for	BGNR	
A comparison of the management activities for BGNR with the 11 management 
activities of the generic NRM system (section 6.6.6) shows that all of the BGNR 
management activities referred to in section 7.2.3 are either directly or indirectly 
covered (Table 7.1).  The trigger ‘vandalism’ might on first consideration appear to 
be absent, but vandalism can result in either maintenance of facilities (3) or 
modifications of the natural system to address wilful damage (10) (where numbers 
refer to entry in Table 7.1).  The potential for ‘policing’ activity associated with an act 
of vandalism is small given the absence of any NPWS personnel based on site at 
BGNR. 
7.2.5 Management	via	architecture	description	of	a	management	system	for	
BGNR	
The intent behind creating an architecture description of a management system for 
BGNR is to investigate application of the generic NRM system model for a nature 
reserve at which there is limited human activity.  
Based on the management activities in Table 7.1 and the cross-referencing of 
management functions with DoDAF viewpoints (Table 6.7), the scope of an 
architecture description for BGNR is identified (Table 7.2). 
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Table 7.1 - Generic NRM system management activities at BGNR  
Generic NRM system BGNR related activity 
1. Carrying out standard business 
functions associated with the 
management of employees and 
assets, including purchasing 
Highlands Area personnel use systems 
provided throughout NPWS.  Personnel 
are managed on a local basis for day-to-
day operations, with Region backup as 
required. 
2. Dealing with enquiries from the 
general public, which could include 
general enquiries, payment of fees, 
bookings to participate in activities 
and/or for various types of 
accommodation, and responses to 
the media 
NPWS has its own website, as well as 
webpages on the Office of Environment 
and Heritage website.  The former has a 
single central point of contact; whereas 
the latter provides a central contact plus 
contact details for each particular 
protected area.   
For BGNR, the contact is Fitzroy Falls 
Visitor Centre.   
From the researcher’s experience, 
enquiries direct to the South Coast 
Region Office at Nowra are referred to 
Highlands Area. 
Contact for school excursions is the 
South Coast Region Office at Nowra. 
There is no online booking facility for 
BGNR.   
3. Providing and maintaining services 
and facilities available for the use 
of visitors (including search & 
rescue services) 
Maintenance of access road, parking 
area, walking tracks, lookouts, picnic 
area with toilet, picnic tables, shelter and 
information displays. 
There is no reference to management of 
emergency situations in management 
plan. 
                                                                                 Chapter 7 Case studies      
___________________________________________________________________ 
 
175 
Generic NRM system BGNR related activity 
4. Controlling resource extractors by 
issuing licenses/permits and 
‘policing’ resource extraction 
Highlands Area does not issue research 
permits; the Office of Environment & 
Heritage handles applications for 
research/resource extraction permits.  
Otherwise, there is no resource 
extraction permitted.  There is no 
reference to ‘policing’. 
5. Managing the relationship with 
reserve owner (or representative) 
including meeting reporting 
requirements and seeking to 
influence governance 
arrangements 
Participate and provide information for 
consideration at Region Specialist 
Advisory Group meetings. 
 
6. Setting directions and priorities with 
appropriate stakeholders and 
representatives 
Done as part of management plan 
development and revision, but noting 
that the current management plan was 
issued in 1998.    
Amendments to the 1998 plan, issued in 
2004, contain no changes to BGNR 
priorities.  
Stakeholders participate in meetings of 
working groups for threatened species. 
7. Understanding potential external 
events, undertaking activities to 
mitigate outcomes should such 
events occur, and having 
appropriate practices in place to 
address the event at the time 
Apart from fire management, nothing in 
the management plan refers to dealing 
with or planning for major external 
events e.g. severe storm  
8. Determining extent of involvement, 
and subsequent participation, in 
research activities undertaken at 
reserve by external parties 
No research by external parties currently 
being undertaken.  Highlands Area 
provides input to assessment of BGNR 
research proposals received by OEH. 
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Generic NRM system BGNR related activity 
9. Planning and organising the 
conduct of internal research, 
monitoring exercises, data 
processing and analysis 
Highlands Area project officer has 
responsibility for conducting internal 
research project activities at BGNR.  
Involves scheduling of activity, setting 
out traps (for potoroo study), monitoring, 
collating results, and organising and 
participating in meetings of Specialist 
Working Group/s  
Information from fox and cat eradication 
programs at reserve used by project 
officer. 
10. Planning and organising activities 
to modify the natural system 
Other than modifications to areas around 
walking tracks and visitor areas, no other 
specific activities are included in the 
management plan.  Albeit reference is 
made to controlling non-endemic 
species and the operational guidelines in 
the fire management strategy address 
minimising damage to, and repair of, the 
natural system. 
11. Planning and undertaking 
educational activities 
Although such activities are listed in the 
management plan, there are no specific 
approaches identified.  The school 
excursion program listed on the BGNR 
OEH website is managed from South 
Coast Region Nowra Office.  HIghlands 
Area people are not involved. 
Also includes promotion of protection of 
remnant natural system areas outside 
protected areas, but such activity is not 
specific to BGNR or Highlands Area. 
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An immediately obvious difference between Table 6.7 and Table 7.2 is that 
management functions 4 (Issue licences/permits etc) and 11 (Education activities) 
could be omitted from Table 7.2. From a BGNR or Highlands Area management 
perspective Education activities (11) are no different to visitor recreational activity at 
BGNR for which there is no direct management involvement.   Identified in Appendix 
G, is another type of education activity – passive education, involving only non-
reserve people who draw on information about a reserve that is publicly available.  
Provision of such information involves reserve personnel and the associated 
activities are encompassed in services and facilities (3) 22. 
In the absence of any BGNR-based personnel, any activity undertaken at BGNR by 
Highlands Area is in the form of a project, which must be planned and scheduled 
with appropriate resources allocated.  This includes services and facilities (3), 
external led research where involved (8), internal led research (9), monitor and 
modify natural system (10), and responding to external events independent of 
whether the response is immediate or delayed (7).  Actual implementation of such a 
project becomes an operational activity.  In addition, there are BGNR-related 
activities that do not occur at BGNR but which are ‘operational’ in nature for 
Highlands Area management of BGNR.  These include standard business functions 
(e.g. purchasing) (1), enquiries (2), owner relationship (5), and stakeholder 
involvement (6). 
There is no specific organisational structure for BGNR (an OV-423) within Highlands 
Area.  As shown in section 7.2.3, BGNR reserve management and related activities 
compete with all other National Parks and reserves for which Highlands Area is 
responsible. 
There are no managed face-to-face interactions with any visitor to BGNR, so there 
is no direct on-site management activity.  However, there are two types of 
management activity which invoke operational rules for BGNR: i) search and rescue 
(3) and ii) fire management, in reference to an external event (7). These two types 
of activity also encompass two viewpoints: 
a) operational – an actual event must be managed, and 
b) capability – management ensuring preparedness24 to deal with such events. 
                                                
22 Numbers refer to management functions in Table 7.2 
23 See section 6.6.11 and Table D.2 for view description  
24 Preparedness meaning appropriate resources being available and in a reasonable time frame. 
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These two viewpoints are also linked via the capability to operational activities 
mapping (CV-6), which identifies how operational activities reflect capabilities. 
Other functions for which establishing capability is important are: 
• undertaking business functions (1) e.g. need to have appropriate skills, and 
knowledge of how, to implement NSW government policy requirements, 
• handling enquiries appropriately (2) e.g. need to have appropriate 
communication skills and knowledge of BGNR, 
• ability to communicate appropriately with owner (5) and stakeholders (6) 
• undertaking research and monitoring activities (9 and 10) e.g. research 
principles applying to observation and collection procedures.  
‘Services’ in this context captures the operational activities provided by Highlands 
Area in relation to BGNR.  Such services may be provided through the use of 
‘systems’.  For example, purchasing supplies for use at BGNR is an operational 
activity (1) supported through the purchasing arrangements (service) implemented 
by Highlands Area, where such arrangements are effected through the use of a 
‘system’ provided by the NPWS.  Other management functions relating to BGNR 
‘services’ are enquiries (2), search and rescue (S&R) (3), and stakeholder 
involvement (6). 
There are a number of ‘systems’ supporting BGNR activities and they are not 
necessarily IT systems.  Those management functions for which system support is 
appropriate are: business functions (1), enquiries (2), services and facilities (3), 
owner relationship (5), internal led research (9), and monitor and modify natural 
system (10). 
As ‘standards’ encompass everything from International standards to ‘rules’ 
governing local operational requirements, the standards viewpoint potentially 
applies to all management functions undertaken.  Policy rules may apply to dealing 
with enquiries (2), relationship with owner (5), and stakeholder involvement (6).   
Examples where more formal standards apply include: 
• accounting standards (1) 
• building regulations and communication protocols (S&R) (3) 
• communication protocols (7) 
• replicable research and monitoring procedures (9 and 10) 
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The following sections 7.2.5.1 to 7.2.5.9 provide illustrations of model components 
of an architecture description for BGNR based on the generic NRM system model. 
7.2.5.1 Overview and Summary (AV-1) 
Any architecture description should commence with an overview that puts the 
development of the specific architecture description into perspective.  In this case 
the situation being examined is that of an architecture description of an NRM system 
for BGNR.  The particular views considered appropriate are based on the 
management functions and viewpoint assessment provided in Table 7.2.  Box 7.1 
contains the overview of this modelling activity in the form of an AV-125 from the 
selected architecture framework – DoDAF (Chapter 6). 
Only a selection of the viewpoints and views listed in the AV-1 for BGNR are 
included in section 7.2.5 to illustrate the architecture description for BGNR.  The 
selected views are indicated with an “*” in Box 7.1.  Further comment on the views 
examined is provided in section 7.4, together with Tables 7.15 and 7.16.  
7.2.5.2 Key performers (OV-1a) 
The key performers in the NRM system for BGNR are depicted in Figure 7.7, with 
South Coast Region responsible for BGNR Reserve Management (as implemented 
by Highlands Area) being the controller (section 7.2.2).  There are two modifications 
to the key performers of the generic NRM system (OV-1a of section 6.6.5):  
i) there is no Management Committee solely for BGNR; instead Highlands 
Area has input on BGNR matters to the Specialist Advisory Committee of 
the South Coast Region and there is no direct advice back to Reserve 
Management; and 
ii) in the generic NRM system the resource extractor has the potential to be 
extracting for commercial or research purposes, whereas for BGNR there 
is no legal resource extractor, other than potentially a researcher as part 
of licensed research activities, and Figure 7.7 is annotated accordingly.  
  
                                                
25 At the start of creating any architecture description, all DoDAF views are assumed to apply.  As the 
analysis progresses the applicable views are capture in the AV-1.  With  
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Box 7.1 - Overview and Summary (AV-1) (BGNR) 
Project identification: Nature Reserve Management System for Barren 
Grounds Nature Reserve 
Scope:    Viewpoints and views applicable:  
All (AV-1*, AV-2, AV-3)  
Project (PV-1; PV-2) 
Operational (OV-1a*, OV-1b, OV-1d*, OV-2*, OV-4, OV-5a, OV-5b, 
OV-6a, OV-7) 
Services (none included) 
Capability (CV-1*, CV-2, CV-3, CV-4, CV-5, CV-6*) 
Systems (SV-5a, SV-5b)  
Standards (StdV-1*) 
Purpose: To illustrate the application of an architecture framework (specifically 
DoDAF as included in UPDM) to a nature reserve management 
system for a reserve with limited human activity. 
Context: The BGNR modelling exercise is one of two case studies undertaken 
as a proof of concept of the application of the NRM system model -  
the generic architecture description created based on DoDAF.  
Status:  The modelling exercise is incomplete, due to only a selected number 
of viewpoints being considered, and in its current form could not be 
used strategically for management of BGNR. 
* Indicates view is examined in a sub-section of section 7.2.5 
 
7.2.5.3 Use cases (OV-1d) 
In broad terms the use cases of the generic NRM system (OV-1d of section 6.6.7) 
continue to apply, with the changes to key performers as identified in section 
7.2.5.2.  However, in conformance with the limited human activity permitted at 
BGNR, there is no need for services to collect access fees or enable purchase of 
accommodation, food supplies, and souvenirs or guided activities at BGNR.  The 
two associated use cases (guide activity and sell) are therefore not applicable 
(Figure 7.8).  Again the generic NRM system model applies but with reduced 
functionality.   
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Figure 7.7 - Key performers in NRM system for BGNR (OV-1a)  
 
7.2.5.4 Key performers and their interactions (OV-2) 
The information/data or materials that flow between key performers are the same as 
in the generic NRM system model (OV-2 of section 6.6.8) but reduced as follows: 
i) there are no payments exchanged between general public or visitor and 
reserve management, 
ii) there are no bookings made and therefore no related activities between 
general public and reserve management, 
iii) communication between reserve management and Specialist Advisory 
Committee is limited to providing information to the Committee; there is 
no role in organising committee meetings, etc, and 
iv) permits to undertake research are not managed by BGNR reserve 
management (Figure 7.9). 
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Figure 7.8 - Key performer use cases from perspective of BGNR management 
(OV-1d) 
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7.2.5.5 Operational activity (OV-5) 
As identified in section 7.2.1 the BGNR-related operational activities, as established 
from the management plan, are: 
a) Maintenance, and improvement where necessary, of facilities 
b) Control of non-endemic species  
c) Management of fire  
d) Continued encouragement of, and provision of opportunities for, scientific 
research 
e) Provision of education opportunities aimed at improving public knowledge 
and appreciation of the natural systems and support for conservation, and 
f) Promotion of appreciation of the value of vegetation remnants and 
encouragement of protection and revegetation outside protected area 
Activity in relation to education, e) and f), includes provision of information via 
displays at BGNR, online, in various printed materials, publication of research 
centred on BGNR, and any ad hoc presentations given by NPWS personnel. 
Search and rescue activities are not specifically mentioned in the management plan 
(NPWS 1998 & 2004).  However, it Is not unreasonable to expect that when visitors 
to BGNR get into difficulty, the local NPWS Office, Highlands Area, will be called on 
to assist, even if only to the extent of calling in emergency services and passing on 
information to them.   
However, as shown in Table 7.2, there are other operational activities associated 
with management functions undertaken by Highlands Area in relation to BGNR.  
Those activities and their performers are identified in Figure 7.10.  Where specific 
type of performer could not be established, the generic term ‘reserve personnel’ is 
used.  The labelling ‘1’ for each of the functional areas (numbered according to 
Table 7.2) comprising the operational activity at BGNR reflects their relative 
independence, although 5. Owner relationship could be considered a special case 
of 6. Stakeholder involvement. 
For a complete architecture description each of the operational activities needs to 
be further broken down into tasks that need to be undertaken to fulfil the 
requirements of the specific operational activity.  For example, activity at BGNR 
includes ‘sightings of non-endemic species, both fauna (e.g. foxes and cats) and 
flora’ (section 7.2.3), which is part of monitoring.  Tasks are linked to performers and 
when linked with assets and event descriptions schedules of resource allocation can 
be derived. 
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7.2.5.6 Operational rules matrix (OV-6a) 
Operational rules are primarily constraints on operational activities at the reserve.  
For BGNR there are very specific operational rules limiting visitor activities, use of 
Stone Bridge, and a number of rules deduced from the fire management strategy 
(NPWS, 2006), as in Table 7.3.   
As indicated in section 7.2.3 search and rescue also invokes operational rules, but 
there is no reference to such rules in the information obtained for BGNR.  Based on 
the communication information relating to fire management (rule 12), knowledge of 
what communication equipment can be used in different areas of BGNR is essential 
in relation to search and rescue activities.  In addition, protocols to use, and policies 
indicating what other services to call, for particular search and rescue circumstances 
are essential if such activities are to be undertaken most efficiently and effectively. 
Also deduced is rule 6, based on the sightings of non-endemic species being a 
priority management activity (section 7.2.3). 
The identification of such operational rules automatically leads to consideration of 
how the ‘operational element’ is made aware of the applicable rules and what they 
mean, and how their enforcement can be effected.  Information pertaining to 
operational rules 1 to 4 is already incorporated into BGNR information available on 
websites, in publications, and on display signs at the reserve, and similarly rules 7 to 
13 in NPWS (2006). 
The benefit of examining operational rules from an OV-6 perspective is the 
identification of rules applying across different operations, as well as gaps in the 
rules, where if a particular rule is not easily identified there is potential for the rule to 
be overlooked or simply forgotten.  
7.2.5.7 Capability  
The DoDAF meta-model definition of capability is: 
“the ability to achieve a desired effect under specified (performance) standards and 
conditions through combination of means and ways (activities and resources) to 
perform a set of tasks.” (United States Department of Defence 2009b, p.82) 
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Table 7.3 - Operational rules for BGNR (OV-6a)26 
 Operational element Rule (operational) 
 Type Name Name Text 
1 <<Performer>> Visitor Access Daylight to dusk 
only 
 
2 <<Performer>> Visitor Accompanying 
animals 
Horse riding and 
pets not permitted 
3 <<Performer>> Visitor VisitorActivity Walking, 
photography and 
picnicking allowed 
4 <<Performer>> Visitor Overnight stay Not permitted 
5 <<Performer>> Reserve 
Personnel 
Maintenance No vehicle (of any 
type) to cross Stone 
Bridge 
6 <<Performer>> Non-endemic 
fauna and flora 
Pest/weed 
sightings 
All reported 
sightings to be 
assessed for 
pest/weed removal 
 Examples of Fire management related rules 
7 <<Performer>> Reserve 
personnel 
Emergency 
service 
Fire suppression Containment 
options to use 
existing roads, trails, 
walking tracks and 
any recently burnt 
areas 
8 <<Activity 
(Operational)>> 
Earthmoving  Earthmoving 
use 
Limited in use to 
‘brushing up’ 
existing tracks 
9 <<Performer>> Emergency 
service 
Foam and 
retardant use 
Avoid use if possible 
Do not use on or 
near rainforests, 
watercourses, 
wetlands or swampy 
areas, or near water 
storages or supply 
infrastructure 
                                                
26 There may be other, currently unknown to the author, more generic rules applying to NPWS 
operations within BGNR that ought to be included in Table 7.3. 
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 Operational element Rule (operational) 
 Type Name Name Text 
10 <<Performer>> Reserve 
personnel 
Public safety Part of initial 
response 
operationsi 
11 <<Performer>> Reserve 
personnel 
Fire regime See table of 
minimum and 
maximum fire 
interval by 
vegetation typeii  
12 <<Performer>> Emergency 
services 
Reserve 
personnel 
Communication Refer table on 
VHF/UHF for 
channel and phone 
suitabilityiii 
13 <<Performer>> Emergency 
services 
Asset protection BGNR Lodge and 
(formerly warden’s) 
residence 
Notes: i.  Clearing likely visitor use areas and sites, warnings and information, on-   
site protection, closure and evacuation 
ii.  Table entitled Fire Regimes – Vegetation in NPWS (2006) 
iii. Table entitled Communications Information in NPWS (2006) 
 
Or, more simply, capability means having the appropriate skills, knowledge and 
experience, and relevant equipment to be able to undertake what the organisation is 
expected to do.  In the case of BGNR, from Table 7.2 capability is required for: 
• standard business functions, 
• enquiries, 
• services and facilities, 
• dealing with external events, 
• internal led research, and  
• monitor and modify natural system.  
Approaching these functions from a capability perspective leads to consideration of 
the following three questions: 
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1) are there appropriate assets available? 
• sufficient people, employees or others, with appropriate skills, 
knowledge, and experience 
• is there suitable and appropriate equipment available, owned by 
reserve, available for hire, provided by contractor or other agency 
2) are there appropriate systems in place to support activities? 
• financial (accounting and asset management), human resource, 
contact management, data recording (results of research and 
monitoring, and natural system modification activities), and 
communications 
3) are the applicable standards (of all types) available and understood by all 
with a ‘need to know’? 
• including procedures for advising and implementing changes when 
they occur 
Within this framework, each of the functions listed at i) to vi) above can be examined 
from the perspective of determining the capabilities required to meet the 
requirements of the particular function.  For example, ‘people safety’ identified as a 
capability within fire management (an external event) is shown in section 6.6.15 as 
requiring sub-capabilities of: inform, search, rescue, command & control, asset 
protection and fire suppression.  Further, the three operational rules from Table 7.3 
of i) Rule 13. Asset protection (protect BGNR Lodge and residence), ii) Rule 7. Fire 
suppression (use only existing access routes or recently burnt areas in BGNR) and 
iii) Rule 9. Foam and retardant use (not permitted in BGNR), require prior capability 
in terms of knowledge of these rules as well as their implications in order to be 
implemented correctly.  
Capabilities required for BGNR are shown in Table 7.4.  The capabilities described 
are not exhaustive, many can be divided into sub-capabilities, and some apply to 
more than one management activity, e.g. communication.  Table 7.4 provides 
information that would be needed to create the CV-1 (not included).  The CV-6 
diagram for the generic NRM system shows the capability and operational mapping 
for fire management (Figure 6.19) and is applicable to BGNR without change. 
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Table 7.4 - BGNR management activities and their associated capabilities 
BGNR management 
activities requiring 
capability 
Capability areas Supporting capability 
areas  
Standard business 
functions 
Finance, including asset 
management 
Human resources 
Records management 
Information management 
NPWS policies and 
associated IT systems 
Communication (both oral 
and written) 
Mathematics 
Plan and organise Communication (both oral 
and written) 
Negotiation/Leadership 
Estimation 
Enquiries Respond 
Communication 
NPWS policies and contact 
management system 
Communication (both oral 
and written) 
Services and facilities Maintenance (of facilities 
such as tracks and 
infrastructure, including 
displays and signage) 
Maintenance techniques 
Equipment operation, 
including formal licensing 
Search & Rescue Search 
Rescue 
Command & Control 
Dealing with external 
events 
Fire management (including 
fire mitigation)  
Safety of people and other 
living organisms within 
BGNR 
Command & control 
Asset protection 
Fire suppression 
Storm management Safety of people involved in 
clean-up 
Clean-up techniques 
Internal led research Develop research project 
proposal, including 
estimates of budget, assets 
required, schedule to 
complete 
Research methodology 
Organise and deliver  
Minimise impact of data 
collection on natural system 
Analysis techniques and 
tools 
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BGNR management 
activities requiring 
capability 
Capability areas Supporting capability 
areas  
Data collection/recording 
Data analysis 
Report writing 
Writing styles to suit 
different audiences 
Communication (both oral 
and written) 
Monitor & modify 
natural system 
Monitor methodology 
Natural system modification 
Data collection/recording 
Knowledge of/licence to 
apply/experience with 
modification technique  
 
7.2.5.8 Services and Systems  
From a practical perspective regarding daily operations, Highlands Area relies on 
services and systems provided by the NSW NPWS.  Unless a specific service or 
system is unique to BGNR management, there is little to be gained by examining 
the Service and Systems views other than in mapping systems and services 
traceability to capability and operational activity (SV-5a and SV-5b).  The references 
to NPWS systems in Table 7.4 already indicate a mapping between capability and 
these systems.   
Police, State Emergency Service, Rural Fire Service, Ambulance Service, electricity 
authorities, and local councils provide other ‘services’ that relate directly to BGNR, 
primarily in response to ‘external events’.  Understanding how these external 
services may be utilised is captured better within the operational and capability 
views of BGNR services and facilities. 
7.2.5.9 Standards27 (StdV-1) 
The standards view (StDV-1) is presented as a matrix identifying the standards and 
where they apply.  The currently identified areas for BGNR where some form of 
standard applies are listed in Table 7.5.  The references given are overarching 
rather than specific requirements. 
 
 
 
                                                
27 Standards, as used in DoDAF, includes formal standards, legislation and associated regulations and 
rules, policies and guidelines, that are expected to be complied with. 
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Table 7.5 – Standards1 applicable to BGNR2 
Area Applicable standards2 
Activities permitted at BGNR National Parks and Wildlife Act 1974 No 80 
National Parks and Wildlife Regulation 2009 
Employee behaviour, work 
practices, and entitlements 
Polices of the National Parks and Wildlife Service 
Crimes Act 1900 No 40 
Anti-Discrimination Act 1977 No 48 
Government Sector Employment Act 2013 No 40, 
and associated regulations and rules 
Firearms Act 1996 No 46 
Road Rules 2014 
Road Transport Act 2013 No 18 
Road Transport (Driver Licensing) Regulation 2008 
Communication protocols 
and practices during field 
work and emergencies 
Polices of the National Parks and Wildlife Service 
BGNR Fire Management Strategy 
Radio communication protocols and ethics (in 
Emergency Management Australia (1998)) 
Data collection protocols, 
and practices  
NPWS field survey methods and guidelines 
Animal Research Act 1985 No 123 
Australian Bird and Bat Banding Scheme 
Manuals for use of specialist equipment 
Scientific licence requirements 
Fire suppression Polices of the National Parks and Wildlife Service 
BGNR Fire Management Strategy 
Search and Rescue Polices of the National Parks and Wildlife Service 
Facility maintenance Polices of the National Parks and Wildlife Service 
Building Code of Australia 
Notes: 1. Standards, as used in DoDAF, includes formal standards, legislation and 
associated regulations and rules, policies and guidelines 
  2. Unless otherwise indicated references refer to New South Wales only 
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7.2.5.10 Summary of architecture description for BGNR 
The system representing management of BGNR is a subsystem of a hierarchical 
system of management and, due to the limited human activity undertaken at or in 
relation to BGNR, may be perceived to be a relatively simple management system.  
This is not the case.  While there is no requirement for management of any activity 
in relation to recreation visitors to BGNR, the management of BGNR as provided via 
Highlands Area of the NSW NPWS invokes the full range of standard management 
functions and most of the generic NRM system functions, excluding 4 (Licensing) 
and 11 (Education activities), and almost all of the services component of 3 
(Services and Facilities) (where numbers are references to Table 7.1).  
Although from the management plan, education at BGNR is a key activity to be 
managed (section 7.2.1), currently there are no ‘active’ education activities under 
BGNR management, and the ‘passive’ education at BGNR (via displays and 
signage) has not been current for sometime.  From one perspective incorrect 
references to the former Bird Observatory may be of no major import, but when 
some of the buildings still exist and appear to be in use there is the potential for 
misdirection of effort in an emergency if help is assumed to be available from the 
former Observatory premises. 
With the exception of volunteers, all of the stakeholder groups from the generic 
NRM system apply to BGNR (section 7.2.2), as do the key performers.  The 
information flows between key performers are mainly the same as in the generic 
model, with the exchanges with visitors reduced due to absence of visitor services 
(guided and purchasing activities) at BGNR (section 7.2.5.4).  
Dealing adequately with events such as fire and flooding or search and rescue, is 
dependent on having the appropriate capabilities. Those capabilities may not 
necessarily equate to Highlands Area being the frontline provider, but even in the 
case of referral to other agencies a capability is still required that involves 
procedures to be followed that have been developed, documented, and tested.  The 
need for NPWS to have firefighting capability is well established (NPWS, 2013).  
In looking to test application of the NRM system model with BGNR, the starting point 
is to understand the management arrangements via the organisation structure 
views.  Highlands Area of the NSW NPWS has complete management responsibility 
for BGNR, including the provision of all facilities and services onsite at BGNR.  
Once the management arrangements are understood, using the NRM system model 
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to create an architecture description for BGNR is a relatively straightforward 
exercise.  
Although incomplete, the architecture description for BGNR, as reflected in sections 
7.2.5.1 to 7.2.5.9: 
i) captures at a high level all the components of a management system for 
BGNR, 
ii) highlights the importance of identifying and managing ‘capabilities’ in 
addition to those of firefighting (Table 7.4),  
iii) identifies the need for search and rescue to be included as a service to 
be managed, even if such activity does not involve in-the-field search 
and rescue activities by Highlands Area, i.e. actual search and rescue is 
undertaken by other service providers, such as the NSW State 
Emergency Service or the NSW Police (section 7.2.5.6); and  
iv) provides within a few views the essence of human activity to be 
managed at BGNR for existing and future reserve management, and a 
basis for consultation with stakeholders on future priority management 
for BGNR. 
The limited permissible visitor activities and the absence of visitor services at BGNR 
together with no overnight stays, reduces the range of potential visitors and thereby 
is likely to constrain the number of visitors.  As a consequence the impact of human 
(recreation visitors) activity on the natural system of BGNR is likely to be limited.  
The long term monitoring program of ground parrots, since 1983, is a valuable input 
to considerations of whether management of any modification to the natural system 
of BGNR is required.  Other circumstances where modification may arise is after 
vandalism to the natural system, or subsequent to fire or storm damage.  These are 
reflected in the view previously expressed that such activities result in projects to be 
managed (as in section 7.2.5 and Table 7.2). 
Based on section 7.2.5 the NRM system model is applicable to management of a 
reserve with limited human activity and the identification of missing elements in 
current management.  
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7.3 Archbold	Biological	Station	(ABS)	
7.3.1 Background	
Archbold Expeditions is a non-profit organisation operating in Florida, USA, 
responsible for: 
i) Archbold Biological Station (ABS), an independent research facility 
founded in 1941 by Richard Archbold and devoted to long-term 
ecological research, education and conservation.  ABS (or ‘the Station’) 
protects a 2100 ha globally significant Florida scrub preserve located on 
the southern end of the Lake Wales Ridge, an ancient sandy ecosystem 
of south-central Florida, USA; 
ii) Archbold Reserve (1,476 ha), adjacent to ABS, a former cattle ranch 
undergoing major ecological restoration since 2002; and 
iii) from 1988, MacArthur Agro-ecology Research Center, based at the 
nearby Buck Island Ranch, dedicated to long-term research on the 
ecology of Florida's cattle ranches.  The 4,250 ha ranch is owned by the 
John D and Catherine T MacArthur Foundation and is leased at no cost 
to Archbold Expeditions (Archbold, 2012 and Swain, 2011). 
Richard Archbold left his estate, Archbold Expeditions, to provide permanent core 
funding for ABS.  Archbold Expeditions operates with a Board of Trustees, including 
an ex officio Executive Director who lives at the Station.  While the Board oversights 
all three components of Archbold Expeditions, in this case study a reference to ABS 
refers to the Station and Archbold Reserve.   
Information about ABS comes from the Archbold Biological Station website 
(Archbold, 2012), a personal interview with the Executive Director (Swain, 2011), 
observations from personal visits to the Station over the last decade, and a 
presentation on the results of the Australian nature reserve survey (Chapter 5) to 
ABS research staff in October 2011.   
ABS has extensive facilities (including research laboratories and accommodation 
on-site) (Figure 7.11), natural history collections, library, and a purpose-built 
learning centre (Frances Archbold Hufty Learning Center) and lodge completed in 
2011 (Figure 7.12).  The latter complex is centred on enhancing educational 
opportunities for academia, student groups (from kindergarten to year 12) and the 
general public.  Ongoing education activities include a school-based environmental 
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education program 
(lessons given by teachers 
followed by one day at 
ABS), 5-day summer day-
camps for students aged 7 
to 12 years, undergraduate 
and graduate internships, 
visiting classes from 
colleges and universities, 
and continuing education 
for the general public via 
lectures and seminars, 
guided tours, meetings and 
workshops, programs for 
special interest groups, 
and a self-guided nature 
trail. 
The program of research 
at ABS is wide-ranging with some data sets from environmental and biological 
monitoring dating back to 1931.  Much of the environmental data is now collected as 
part of broader monitoring frameworks and inputs to regional, national and 
international analyses.  In addition to data collection, the ABS natural history 
collection is ongoing and accessible for research purposes both internal and 
external to the Station.  The results of research involving ABS have been published 
widely; in the order of 2000 scientific publications from 1941 (Archbold, 2012 and 
Swain, 2011). 
In contrast to BGNR, ABS has extensive infrastructure to maintain (buildings, 
fences, vehicle access tracks, and walking trails), a core monitoring program, 
specialist research activities, and a comprehensive education program both at, and 
external to, the Station.  Also, the potential for external activities to impact on the 
natural system at ABS and Station operations is high, resulting in an ongoing and 
intensive monitoring of, and participation in, proposed external developments, as 
well as understanding the political environment across all levels of government. 
 
 
 
 Figure 7.12 - Frances Archbold Hufty Learning 
Center (right) and Lodge (Left) 
Figure 7.11 – Archbold Main Buildings 
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7.3.2 Stakeholders	
In terms of the potential stakeholders of a nature reserve (Figure 6.8, section 6.4.3), 
all are relevant to ABS, and their relationships to ABS are as follows: 
Environmentalists anyone who is interested in ABS as a protected area, 
although they may not necessarily visit 
Governments ABS is located in Highlands County, plus both Florida State 
and Federal Government agencies provide funds for 
research and/or draw on the results of regular monitoring 
Local community participation in Natural Resources Advisory Commission 
(NRAC), established by the Highlands County Board of 
County Commissioners 
Media local town, Lake Placid, has an extensive display of wall 
murals which include Richard Archbold, the Station and the 
native flora and fauna of the region 
Nearby reserves adjacent to Archbold Reserve, but also linked by water 
flows to other protected areas along Lake Wales Ridge 
Neighbours  owners of cattle ranches, orange groves and small holdings 
adjacent to and in the vicinity of ABS 
Non-human living 
organisms 
all those living organisms comprising the natural system of 
ABS, including those who are transient visitors e.g. Florida 
panther (cougar sub-species) 
Owner (controller) Archbold Expeditions as represented by Board of Trustees 
Recreation users students who visit on day excursions, day visitors to the 
nature trail, participants in guided and/or education 
activities 
Researchers internal and external (paid Interns and visiting investigators, 
including those on sabbaticals and retired scientists)  
Reserve personnel those who work at ABS and their families 
Resource extractors there is no extraction of resources from the natural system, 
unless essential to a research activity 
Service beneficiaries visitors, external researchers and academics, education 
organisations, agencies and individuals utilising 
environmental monitoring data, and downstream water 
consumers 
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Service providers emergency service providers (fire and medical) called in to 
assist with emergencies 
Suppliers from providers of food supplies to equipment and their 
maintenance, and other consumables, and utilities 
Volunteers an extensive volunteer program operates across education 
and research activities 
 
7.3.3 Management	context	
Day-to-day management of ABS is the responsibility of the Executive Director in 
accordance with the directions set by the Board of Trustees.  An independent 
Scientific Advisory Board provides advice to the Executive Director on the scientific 
program and also reports direct to the Board of Trustees.  The role of the Scientific 
Advisory Group is to review the practice of science at ABS, overall and in respect of 
each individual researcher’s performance (Figure 7.13). 
 
Figure 7.13 - Relationship between ABS, Board of Trustees and Scientific 
Advisory Board 
Management activities at ABS are broad ranging and include managing all of the 
human-related activities identified for nature reserves in Box 3.1 of section 3.5 as 
follows: 
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• asset maintenance - maintenance of facilities, including buildings, equipment, 
access roads, nature trail and other trails, collections and data records 
• education - ongoing educational programs, including provision of materials 
• maintaining environmental services – water flows and lake monitoring 
• management planning 
• relationships with neighbours 
• fire management – fire fighting capability plus research program of 
prescribed burning 
• prohibited/invasive species – identification and eradication 
• protection of natural/cultural features – unique Florida scrub and lakes, and 
the historical buildings on the Station 
• provision of emergency services – initial response to emergencies both in 
the field and in the research laboratories  
• recreation use – limited to use of nature trail and guided activities 
• ongoing research programs - including fire management practices 
• resource extraction – only if required for research purposes 
together with: 
• human resource services 
• financial services (accounts, trust investments, asset acquisition/disposal) 
• technical services (information technology including website) 
• reception services 
7.3.4 Management	activity	
A comparison of the management activities for ABS with the 11 management 
activities of the generic NRM system (section 6.6.6) shows that all of the ABS 
management activities referred to in section 7.3.3 are addressed, as detailed in 
Table 7.6). 
7.3.5 Management	via	an	architecture	description	of	a	management	system	
for	ABS	
The generic NRM system described in Chapter 6 is a model for which any specific 
reserve becomes a particular instance, detailed in the form of an architecture 
description.  The intent behind creating an architecture description of a management 
system for ABS is to investigate application of the generic NRM system model to a 
nature reserve where there has been long-term management on-site and that is  
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Table 7.6 - Generic NRM system management activities at ABS  
Generic NRM system ABS 
1. Carrying out standard business 
functions associated with the 
management of employees and 
assets, Including purchasing 
Undertaken by Executive Director and support 
staff at the Station, under broad direction set 
by Board of Trustees and government 
regulations. 
2. Dealing with enquiries from the 
general public, which could include 
general enquiries, payment of fees, 
bookings to participate in activities 
and/or for various types of 
accommodation, and responses to 
the media 
ABS has its own website, as well as dealing 
with email, mail, facsimile and telephone 
enquiries and bookings. 
Currently there is no online booking facility for 
participation in public activities or online 
payment facility. 
3. Providing and maintaining services 
and facilities available for the use of 
visitors (including search & rescue 
services) 
Both internal and visiting researchers use 
extensive research laboratories and 
equipment, and other facilities, including 
accommodation.   
Apart from the nature trail there are no specific 
facilities maintained solely for the use of 
recreation visitors.   
4. Issuing licences/permits and 
‘policing’ resource extraction 
Not applicable for resource extraction, but the 
process of approving research at ABS may 
involve authorisation to extract natural 
resources e.g. seed collection. 
5. Managing the relationship with 
reserve owner (or representative) 
including meeting reporting 
requirements and seeking to 
influence governance arrangements 
Task is to manage relationship with Board of 
Trustees and to ensure the vision of the future 
for ABS is consistent between the Board, 
management, employees and visiting 
researchers.   
Meetings of the whole Board as well as Board 
committees are held regularly. 
6. Setting directions and priorities with 
appropriate stakeholders and 
representatives 
Although a non-profit private organisation, 
ABS management consults widely with 
stakeholders. 
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Generic NRM system ABS 
7. Understanding potential external 
events, undertaking activities to 
mitigate outcomes should such 
events occur, and having appropriate 
practices in place to address the 
event at the time 
ABS people maintain a watching brief on 
political activities at all levels of government, 
and development activities in the surrounding 
area.  Potential natural disasters such as fire, 
storms and hurricanes are closely monitored, 
including having a weather station at ABS.  
Procedures and practices for mitigating these 
hazards have been in place for many years.  
Invasive species monitoring and eradication is 
undertaken 
8. Determining extent of involvement, 
and subsequent participation, in 
research activities undertaken at 
reserve by external parties 
The extensive research program involving 
permanent staff, internees (6-12 month 
programs living onsite), graduate students and 
visiting academics requires extensive planning 
and coordination, particularly in relation to the 
availability of accommodation for visiting 
researchers.  
9. Planning and organising the conduct 
of internal research, monitoring 
exercises, data processing and 
analysis 
Extensive program of research is undertaken.  
The program and work of research is 
assessed via the independent Specialist 
Advisory Board. 
10. Planning and organising activities to 
modify the natural system 
ABS maintains a prescribed burning program, 
which is part of ongoing research into the 
importance of fire in Florida Scrub and the 
benefits of prescribed burning versus naturally 
occurring fires, mainly resulting from lightning 
strikes.   
Invasive species (both flora and fauna) are 
monitored, with mapping of sites where 
eradication has occurred and assessments of 
long-term effects being undertaken.  
11. Planning and undertaking 
educational activities 
ABS has a significant program of educational 
activities, onsite and offsite, through 
kindergarten to year 12, as well as conducting 
public education events at the station. 
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dedicated to long-term ecological research and education programs, and where the 
land is managed for scientific purposes.  Apart from the prescribed burn program 
and maintenance of trails and facilities, there is no deliberate human interference 
(i.e. modification) to the natural system of ABS. 
Based on the management activities in Table 7.6 and the cross-referencing of 
management functions with the viewpoints of DoDAF (Table 6.7), the scope of an 
architecture description for ABS is assessed as in Table 7.7.   
7.3.5.1 Overview and summary (AV-1) 
An architecture description commences with an overview that puts the development 
of the specific architecture description into perspective.  In this case the situation 
being examined is that of an architecture description of a management system for 
ABS.  The particular views considered appropriate are based on the management 
functions and viewpoint assessment provided as Table 7.7. 
While every viewpoint is applicable, not every view within each viewpoint may apply.  
Box 7.2 contains the overview of the modelling activity for ABS is the form of an AV-
1 from the selected architecture framework – DoDAF (Chapter 6).   Only a selection 
of views listed in the AV-1 are included herein to illustrate the architecture 
description for ABS.  These are marked with an “*” in Box 7.2. Further comment on 
the views examined is provided in section 7.4 together with Tables 7.15 and 7.16. 
7.3.5.2 Project views (PV-1, PV-2 and PV-3) 
‘Project’ can mean many things to different people. Sometimes a project is a special 
one-off activity; for others anything that’s outside normal operations; while for 
researchers, much of what they do is considered a project.   
In the context of ABS, projects can include research-type projects, monitoring 
projects, education projects, and administration projects (including maintenance 
activities), and can range from small to large in terms of both time taken and 
resources required.  The point to identifying projects in an architecture description is 
to highlight their importance in terms of resources required, the period over which 
they will be undertaken, with start/end dates and milestones.  This is particularly 
important when projects range across many years and involve multiple areas of an 
organisation. 
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Box 7.2 - Overview and Summary (AV-1) (ABS) 
Project identification: Nature Reserve Management System for    
        Archbold Biological Station (ABS) 
Scope:    Viewpoints and views applicable:  
All (AV-1*, AV-2, AV-3),  
Project (PV-1*; PV-2*; PV-3*) 
Operational (OV-1a*, OV-1b*, OV-1d*, OV-2*, OV-4*, OV-5a, OV-5b*, 
OV-6a*, OV-6b*, OV-6c*, OV-7*) 
Capability (CV-1*, CV-2, CV-3, CV-4, CV-5, CV-6*) 
Services (SOV-1*) 
Systems (SV-1*, SV-5a, SV-5b)  
Standards (StdV-1*) 
Purpose: To illustrate the application of an architecture framework (specifically 
DoDAF as included in UPDM) to a nature reserve management system 
for a reserve with extensive research and education programs. 
Context: The ABS modelling exercise is one of two case studies undertaken as a 
proof of concept of the application of the NRM system model, generic 
architecture description created based on DoDAF.  
Status:  The modelling exercise is incomplete, due to only a selected number of 
viewpoints and views considered, and in its current form could not be 
relied on for strategic management of ABS. 
* Indicates view is examined in sub-section of section 7.3.5 
 
Another key advantage of incorporating project views into an architecture 
description for a research organisation such as ABS is that they provide a formal, 
visible and integrated description of significant activities, which becomes available to 
all in the organisation. 
Project views are difficult to create without detailed information for each project; 
hence, the following is indicative only. 
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A PV-1 view provides a list of projects with indications of which area of the 
organisation is the project owner and which other areas may be involved.  In 2014 
for ABS there were 11 areas with responsibility for projects: six Program Directors 
(covering 11 internal research areas), a program of external researchers, an 
education program, a monitoring program, and administration (including a 
maintenance program).  A table such as Table 7.8 provides a useful framework for a 
PV-1 in which: 
• the combination of project number and project name creates a unique 
identifier for each project,  
• there are up to ‘n’ areas that could be involved with one or more projects, 
although there is the possibility that for a particular time period one or more 
areas may have no projects (for ABS n=11), 
• the area with major responsibility for a project (project owner) is identified as 
prime (P), and 
• any other areas involved, as secondary (S) 
Table 7.8 - Projects by areas involved  (PV-1 illustration) and indicating prime 
(P) and secondary (S) involvement 
Project   
number * 
Project 
name 
Name  
(Area 1) 
Name 
(Area 2) 
Name 
(Area 3) 
….. Name  
(Area 11) 
   P   S 
  P     
  P S   S 
    P  S 
       
* When there are many projects ranging over extended periods the format of the project 
number is likely to be complex, including year and month commenced, project area identifier, 
as well as sequential number 
Depending on the tool being used to develop the architecture description, the cells 
in Table 7.8 can be used to display additional information such as name of lead 
researcher, budget, start/end dates, or any other attribute defined for ‘project’.   
A PV-2 view graphically displays the key milestones of each project and the 
interdependencies between projects.  A Gantt chart, or similar, is a useful 
representation for a PV-2 view.  
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Projects, as opposed to day-to-day operations, are often undertaken to enable an 
organisation to meet specified capabilities.  A PV-3 view is a project to capability 
mapping.  Not all projects may result in a capability and therefore not all projects 
from a PV-1 will have a PV-3.  A PV-3 view is represented as a class or object 
diagram.  
To illustrate, ABS management has a requirement to protect the habitat and 
historical buildings comprising ABS.  One of the measures to assist in maintaining a 
secure perimeter is the existence of fences with permanently locked gates plus a 
main gate which is automatically open during the hours of 6:00 am to 8:00 pm but 
outside these hours requires an access code to open.  Assume that ABS has an 
annual project to review and repair all the gates and fences surrounding ABS.  Such 
a project is undertaken to ensure that ABS has in place the capability of an 
appropriately secure perimeter.  Figure 7.14 shows this project to capability 
mapping in the form of a PV-3 for ABS. 
 
Figure 7.14 - Project to capability mapping for secure perimeter at ABS (PV-3).  
Figure 7.14 is for a particular instance, i.e. ABS having a secure perimeter based on 
a fence and gates of which one is automatic.  Therefore, there is only one instance 
of <<EntityItem>> PerimeterFence, and one instance of an EntityItem with 
<<Performer>> AutomaticGate Operation.  However, a PV-3 for a generic system 
needs to reflect the following possibilities: 
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• more than one perimeter fence or no fence; therefore the relationship 
between <<EntityItem>> SecurePerimeter and <<EntityItem>> 
PerimeterFence is 0..*, 
• more than one gate with automatic gate operation; therefore the 
<<EntityItem>> OtherAccessGates has to allow for automatic gate operation, 
• no gate with automatic operation;  
• no gate at all; and 
• using other means to meet the secure perimeter capability. 
Based on the above, Figure 7.15 provides a perimeter security-capability mapping 
for inclusion in the generic NRM system model in the form of a PV-3 view. 
 
Figure 7.15 – Secure perimeter capability mapping for generic NRM system 
(PV-3) 
7.3.5.3 Operational views 
The operational viewpoint within DoDAF is used to describe the “tasks and 
activities, operational elements and resource flow exchanges to conduct operations”  
(United States Department of Defense, 2009).  All of the operational views are 
applicable to ABS; however, only OV-1a, OV-1b, OV-1d, OV-2, OV-4, OV-5b, OV-
6a, OV-6b, and OV-6c are included herein for demonstration purposes (sections 
7.3.5.3.1 to 7.3.5.3.8), with OV-7 addressed in section 7.3.5.3.9. 
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7.3.5.3.1 Key performers (OV-1a) 
The key performers in the NRM system for ABS are depicted in Figure 7.16, with all 
represented by the key performers in the generic model (Figure 6.11) based on the 
following:  
Reserve management Archbold Biological Station (ABS) Management 
Controller (owner) Board of Trustees, representing Archbold Expeditions 
the owner of ABS 
Management Committee Scientific Advisory Board - an external independent 
entity with the roles of:  
i) providing advice to the Executive Director, 
via confidential review of the practice of 
science at the Station, both in terms of each 
individual's performance and overall, and 
extent to which facilities and support are 
meeting researcher needs; 
ii) providing advice to individual researchers;  
iii) reporting direct to the Board of Trustees, 
including general evaluation of science at 
the Station 
Resource extractor Similar to BGNR, can only be a researcher undertaking 
research for which extraction is essential to the 
research 
7.3.5.3.2 Concept description based on the key performers in section 7.3.5.3.1 
(OV-1b) 
The high level concept description for the generic NRM system model (section 
6.6.6) applies to ABS as detailed in Box 7.3.  There are no high level activities 
undertaken at ABS (as per section 7.3.3) that are not covered by the generic system 
description. 
7.3.5.3.3 Key performers and their interactions (OV-1d and OV-2) 
There are two views that consider the interactions between key performers.  The 
first is use cases (OV-1d), presented herein from only the reserve management 
perspective (Figure 7.17).  The second examines what is interchanged between 
reserve management and each key performer plus natural system and external 
events and resource extraction (OV-2). 
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Figure 7.16 - Key performers in NRM system for ABS (OV-1a) 
 
In general terms, all the use cases for the generic NRM system model (Figure 6.12) 
apply to ABS (Figure 7.17); albeit, in the relationship between ABS and the Board of 
Trustees, the latter does not provide any services to ABS.  As indicated in Figure 
7.16 resource extraction is limited to only when necessary for approved research 
projects.  ABS has a significant program of research involving external researchers 
and, as in the general model (Figure 6.12), external researchers are a sub-group of 
visitors when they visit a reserve, or else they are a sub-group of general public.  
Again, the OV-2 for ABS (Figure 6.17) is a direct application of the generic OV-2 
(Figure 6.13) with the following specificities: 
• Resource extraction – with no requirement for them, application, fine, notice 
of illegal extraction and licence/permit (to be issued) are deleted 
• Visitor – there is no access fee, instead a donation may be given 
• General public – in relation to payments, allows for payment of a donation 
• Controller (Board of Trustees) – removal of funds, operations change 
request and operational changes since funding is managed within ABS and 
the Board does not get involved in operational matters or provide services;  
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Box 7.3 - Generic NRM system management functions as applying to ABS 
 
1. Carrying out standard business functions associated with the 
management of employees and assets, including purchasing - no 
change; 
2. Dealing with enquiries from the general public, which could 
include general enquiries, payment of fees, bookings to 
participate in activities and/or for various types of accommodation, 
and responses to the media - no change;  
3. Providing and maintaining services and facilities available for the 
use of visitors (including search & rescue services) - no change; 
4. Issuing licences/permits and ‘policing’ resource extraction - not 
applicable; 
5. Managing the relationship with reserve owner representative 
(Board of Trustees) including meeting reporting requirements 
and seeking to influence governance arrangements; 
6. Setting directions and priorities with appropriate stakeholders and 
representatives - no change; 
7. Understanding potential external events, undertaking activities to 
mitigate outcomes should such events occur, and having 
appropriate practices in place to address the event at the time - 
no change; 
8. Determining extent of involvement, and subsequent participation, 
in research activities undertaken at reserve by external parties - 
no change; 
9. Planning and organising the conduct of internal research, 
monitoring exercises, data processing and analysis - no change;  
10. Planning and organising activities to modify the natural system – 
limited to research into strategic burns and dealing with 
aftermath of external events e.g. hurricanes; and 
11. Planning and undertaking educational activities - no change. 
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Figure 7.17 - Key performer use case from perspective of ABS management 
(OV-1d) 
 
 
                                                                                 Chapter 7 Case studies      
___________________________________________________________________ 
 
213 
 
 
Fi
gu
re
 7
.1
8 
- K
ey
 p
er
fo
rm
er
s 
in
 th
e 
A
B
S 
m
an
ag
em
en
t s
ys
te
m
 a
nd
 th
ei
r i
nt
er
ac
tio
ns
 (O
V-
2)
 
  Part III 
___________________________________________________________________ 
 
214
• however, the Board is involved in authorising engagement of individuals and 
strategic direction of research and so authorisation is added to the 
interchange 
• Reserve management – inclusion of modification of natural system via 
strategic burns 
• External influences – inclusion of invasive species 
With the exception of the changes to ‘Reserve management’ and ‘External 
influences’ all other changes can be encapsulated within appropriate definitions for 
the generic NRM system model.  The changes to ‘Reserve management’ and 
‘External influences’ are significant omissions from the generic NRM system model, 
as they are potentially applicable to other reserves, and ought to be included. 
7.3.5.3.4 Organisational relationship chart (OV-4) 
The organisation structure within ABS for 2014 is detailed in Figure 7.19.   
As Figure 7.19 is an actual depiction of ABS, the numbers of people operating within 
the different organisation areas in 2014 are identified.  For the research activities, all 
three types of researcher, ABS scientific staff, research associate and research 
affiliate, must be engaged in at least one research activity associated with ABS to 
be categorised as a researcher. 
Compared with the generic structure for a nature reserve (as in Figure 6.14), for 
ABS there is: 
• no specific area or resource devoted to public relations, which reflects the 
option zero in the generic model; 
• no specific Information Centre, instead a number of facilities containing 
areas with displays and other materials are open to visitors, again reflecting 
the option zero in the generic model; 
• a Land Management services area with activities including prescribed fire, 
weed control and road maintenance in coordination with research programs 
and goals.  ABS identifies Land Management as a component of ‘technical 
support’ but in the generic model the Land Management activities are part of 
facilities management.   Due to the importance ABS assigns to these 
activities a separate Land Management service area is included; 
• an expanded Information Technology area;  
• an expanded Research area; and 
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• an indication via the multiple <<PersonRoleType>> that there is a range of 
different types of facility service being provided.  
Where an organisation area is expanded, the expansion provides an illustration of 
how the same area can be enhanced in the generic model. 
With the exception of the Land Management service area, the ABS organisation 
structure maps directly to the generic model organisation structure in Figure 6.14. 
7.3.5.3.5 Operational activity (OV-5b) 
Visitor program 
As the Visitor Program (Figure 6.15) is the operational activity provided in detail in 
Chapter 6, the visitor program for ABS is examined to see if the generic model 
applies.  Information about the ABS Visitor Program (Archbold, 2012)) is in Box 7.4. 
The five operational activities of a visitor program as identified in Figure 6.15 
(generic model) compare as follows with ABS: 
Generic model ABS 
Access check - checking vehicle access Equivalent activity undertaken, with need 
to register as a visitor and complete 
indemnity waiver.  Access is free. 
Receive fee payment for: 
• Access fee 
• Guided activity 
• Food/Drink/Souvenir sales 
• Overnight stay  
Activity undertaken with payments for: 
• Access – no 
• Guided activity – sometimes 
• Sales  – Yes 
• Accommodation - Yes 
Provide guided activity Activity undertaken, generally free 
unless part of special education activity 
Food/Drink/Souvenir sales Activity undertaken 
Assign Overnight Stay facility Activity undertaken 
 
In essence, the operational activities of the generic model all apply to ABS as in 
Figure 7.20.  Not having an access fee is not unusual.  For any nature reserve there 
may or may not be an access fee and the generic NRM system model already 
accommodates both situations (Figure 6.18).  
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Box 7.4 - Visitor Program Information for ABS 
 
• Visitors are to register on arrival and complete a liability waiver: 
o At the Main Office on weekdays 
o At the information Kiosk (the Kiosk) on weekends 
o Parking spaces are available nearby 
o Main gate is open 6:00 am to 8:00 pm 
• Information displays are located in a number of buildings  
o All within a short walking distance of the Main Office or the Kiosk 
• The scientific library is accessible but items are not available for loan 
• The Nature Trail commences near the Main Office 
o The Trail booklet is available from the Main Office and the Kiosk 
• Group tours (minimum 10 people) are available by appointment 
• The purchase of t-shirts, books, DVD and other items can be made at the 
Main Office 
• Picnic tables are available 
• Pets are not permitted 
• Accommodation is available for visiting researchers, college classes, nature-
study groups, and attendees at special meetings and workshops 
o Visitor Application form is to be completed 
• Meals are available to purchase by visitors staying at the Station 
o Continental breakfast 6:30 – 8:00 am, Monday to Friday 
o Lunch – Noon, Monday to Friday,  
! with option to pre-order a lunch bag 
o Dinner – upon request for groups of 10 or more 
o Meals are served in the Dining Room or for groups of 15 or more at 
the Learning Centre 
• Laundry facilities are available to visitors staying at the Station 
 
As the laundry facilities provided for visitors are visitor operated, their availability, 
along with picnic tables and other facilities are not included in the operational activity 
of the ABS visitor program.  Their provision and maintenance are addressed within 
Facilities management.  ‘Reserve personnel’ is used in Figure 7.20 to represent all 
reserve people providing the Visitor Program services.  
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Other operational activity 
All of the other organisational areas identified in Figure 7.19 also encompass 
operational activities.  For example, staying with visitors, the activities of Guest 
Services for overnight visitors are depicted in Figure 7.21.  Overnight visitors 
comprise two categories:  ‘external researchers’ who need access to research 
facilities and equipment, and ‘others’ who do not need such access.  These two 
types of overnight visitor are identified in Figure 7.21. 
Guest Services as related to overnight visitors are not provided at all nature 
reserves, since there provision is linked to the availability and type of overnight 
accommodation.  Guest Services can be thought of as being part of a continuum of 
services reflecting a continuum of facilities for visitors, from, say, only track 
maintenance where no other facility is provided, then maintenance of tracks and 
picnic facilities and servicing toilets, then inclusion of areas for camping in tents 
and/or caravans overnight, through to accommodation in buildings where cleaning, 
provision of linen and meals are available.  Taken from this perspective Guest 
Services form a subset of the Facilities services but have an association with the 
Visitor Program as shown in Figure 7.19. 
7.3.5.3.6 Operational rules (OV-6a) 
Based primarily on Box 7.4 a range of operational rules for the ABS Visitor 
Programs can be deduced as in Table 7.9, noting that these are most likely not all of 
the current operational rules applying. 
Table 6.5 (generic), Table 7.3 (BGNR) and Table 7.9 (ABS) are only snapshots into 
what could be the totality of operational rules relating to Visitor programs likely to be 
applied to one or more nature reserves.  From these three tables though, two 
common types of operational rule that can be expressed in terms of a dichotomous 
value (yes or no) or a specific numerical value can be identified as in Table 7.10.   
An interesting situation arises in relation to ‘Opening Hours’, which is usually stated 
in terms of opening and closing times in hours, but as with BGNR is sometimes 
expressed as dawn to dusk, that is in dichotomous form, ‘open during daylight 
hours’ - Yes.   
Operational rules can be applicable across any or all aspects of a nature reserve.  
They are definitions of what should happen or be enforced in relation to a nature 
reserve.  In essence, they are constraints, which need to be precisely defined in  
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Table 7.9 - Operational rules for Visitor Program at ABS (OV-6a)  
Operational Element Rule (operational) 
Type Name Name Text 
<<Activity 
(Operational)>> 
Access check – 
(provide liability 
waiver form and 
register visitor) 
Register visitor Liability waiver completed 
– register visitor 
Liability waiver not 
completed – request 
visitor leave ABS 
<<Activity 
(Operational)>> 
Provide guided 
activity 
Participant 
numbers 
Minimum number of 10 
participants 
No maximum number  
<<Activity 
(Operational)>> 
Provide guided 
activity 
Duration guided 
activity 
Specify anticipated 
duration 
<<Activity 
(Operational)>> 
Receive 
payment for 
meals/ and 
souvenir sales 
Purchases Main Office:  Weekdays 
<<Activity 
(Operational)>> 
Accept Lunch 
order 
Lunch  Order before 11:00 am 
weekdays 
<<Activity 
(Operational)>> 
Serve breakfast Breakfast times Available 6:30-8:00 am 
weekdays 
<<Activity 
(Operational)>> 
Serve lunch Lunch time Noon weekdays 
<<Activity 
(Operational)>> 
Accept Lunch 
order 
Lunch order Order before 11:00 am 
weekdays 
<<Activity 
(Operational)>> 
Serve dinner Dinner booking  Only for groups of 10 or 
more 
<<Activity 
(Operational)>> 
Assign overnight 
stay facility 
Accommodation 
allocation 
External researchers and 
interns have priority 
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Operational Element Rule (operational) 
Type Name Name Text 
<<Performer>> Visitor vehicle Visitor vehicle Visitor vehicles to be 
parked only in marked 
parking bays 
<<Performer>> Visitor - day Access From 6:00 am to 8:00 pm 
<<Performer>> Visitor - 
overnight 
Access Must be provided with 
out-of-hours access 
<<Performer>> Visitor Registration All visitors to register and 
complete liability waiver at 
Main Office. 
Weekend visitors to 
register at Information 
Kiosk 
<<Performer>> Visitor Visitor activity Walking, photography and 
picnicking allowed 
<<Performer>> ABS Personnel Guide Must be at activity 
gathering point at least 10 
minutes before activity is 
to commence 
<<Performer>> Guest Service 
Staff 
Meal 
preparation 
Commence 6:00 am 
weekdays, to ensure 
breakfast can be served 
from 6:30 am 
<<Performer>> Pet Pet access No pets allowed 
<<Performer>> Main Gate Open hours Main gate to be open from 
6:00 am to 8:00 pm 
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Table 7.10 - Common operational rules by type for Visitor Programs 
Type of operational rule Example generic rules 
Dichotomous   
- Yes or No value only 
Open to public 
Access fee to be paid 
Overnight stay by type e.g. tent, caravan, cabin/cottage 
or dormitory 
Receipt to be issued 
Receipt to be displayed 
Animals allowed by type e.g. dogs, horses 
Bicycles allowed 
Motorised vehicles allowed 
Visitor activity by type e.g. walking, riding, ball games 
and picnicking 
Barbeque available by type e.g. wood, electric or gas 
If wood barbeque, wood available at site 
Number specific Opening hours – in terms of opening and closing times 
in hours, and these can vary depending on time of year 
Access fee (where applicable) – in local currency 
Guided activity participants – minimum number, 
maximum number 
Duration of guided activity – in hours  
 
 
order for correct implementation in the physical world but even more so if being 
implemented in a management system for nature reserves.  Three types of 
constraint are common (Systems and Software Consortium Inc, 2006, MPS OV-6a):  
• mission – constraints as determined by the ‘legislation’ governing the nature 
reserve, 
• operation – constraints defining behavior under specific conditions, and 
• business rules – constraints expressed in terms of precise multiplicity, e.g. 
instead of the unconstrained 1..* for a relationship (as in Figure 7.15) a 
constraint with a precise maximum is specified, such as 1..5. 
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Combining the concepts of operational rule type (dichotomous and number specific) 
with constraint type (mission, operation and business rule) generates a framework, 
as in Table 7.11, that provides a new approach to identifying generic operational 
rules across all aspects of nature reserve management for incorporation into the 
generic NRM system model. 
Table 7.11 - Framework for establishing operational rules for the generic NRM 
system model with examples 
Operational rule type#  
Constraint type $  
Dichotomous Number specific 
Mission Open to public Maximum of X campsites to 
be available 
Operation Access fee to be paid Access fee is (amount in 
local currency) 
Business rule Closed to public once 
per year for annual bird 
count 
For safety purposes there 
must be at least two routes 
for egress  
 
7.3.5.3.7 Operational state transition description (OV-6b) 
“The OV-6b is a graphical method of describing how an Operational Activity 
responds to various events by changing its state” (United States Department of 
Defense, 2009).  From a management perspective, any changes in state need to be 
understood.  ABS nature reserve ‘objects’, in a modelling sense, that do or could 
change their state include: 
• Assets with states of: being purchased, available for use, in use, not 
available for use (under repair or maintenance), and being disposed of; 
• Area of reserve with states of: invasive species detected, action to remove 
in progress, removal completed, monitoring, and end of invasion; 
• Visitor trails with states of: planning, construction, open for use, monitoring, 
under repair, temporary closure, and closed; 
• Scientific staff with states of: in the office, in the field (at ABS, near ABS), 
away from Station (local, interstate), and on leave; 
                                                                                 Chapter 7 Case studies      
___________________________________________________________________ 
 
225 
• Education materials with states of: planning, designing, creating content, 
reviewing, publishing, available for use, monitoring use, updating, and 
replaced; and 
• Services such as providing meals with states of: planning (including having 
ingredients available), preparation (including cooking), dishing up/serving, 
and disposal if unused or spoiled.  
The ‘states’ for many other ABS objects, such as research projects, maintenance 
activities, visitor activities, and strategic fire burns, are reflective of the phases of a 
standard management process (section 3.3), that is, planning, creation, using, 
monitoring, maintaining, and concluding, which can be used as the underlying 
framework for describing the state transition description for ‘objects’ of this type.   
The above listed states for scientific staff (i.e. researcher) are not reflective of this 
management related framework, and they are used in the OV-6b diagram at Figure 
7.22 to show how ABS researchers are involved in education/visitor activities as well 
as research projects and that they can have assignments of different types at the 
same time.  Hence, the indication that ‘In the office’ state a researcher can move 
between activities.  The information provided in Figure 7.22 is not specific to ABS 
and therefore can be used as a basis to model researcher activity associated with 
any nature reserve and for any particular researcher who may or may not be 
assigned to external or guided activities.  
7.3.5.3.8 Operational event-trace description (OV-6c) 
The intent of an OV-6c diagram is demonstrated by use of the scenario of a guided 
walk activity being undertaken at ABS by one of the scientific staff.  Organising the 
activity is the responsibility of the Education Coordinator and the Maintenance Team 
is responsible for ensuring that the trail chosen for the activity presents no hazards 
to the participants.  Group tours are available for groups with ≥ 10 participants (Box 
7.4), but there is no minimum specified for the advertised guided walking tours.  A 
similar minimum of ten participants is assumed in the scenario event-trace 
sequence diagram at Figure 7.23. 
Figure 7.23 shows the necessary sequential communications between ABS 
personnel, as well as interactions with visitors.  Although there are no specific 
details of elapsed time between events, the boxes on the time lines represent a time 
delay between events, otherwise a response can be immediate or after some 
unknown time.  For example, there is time allocated to undertake the guided activity,  
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but advertising the activity can potentially occur immediately on confirmation being 
received by the Education Coordinator that the intended guide is available.   On the 
far left of the diagram is a description of each phase of the activity. 
Sequence diagrams across the range of operational activities enable understanding 
of workflows in a business process, identification of resource allocations (both 
reserve personnel and other assets) and potential conflicts. 
7.3.5.3.9 Information model (OV-7) 
In respect of the information detailed in the information model for nature reserves 
(Figures 6.7 and 6.8), all the object classes apply to ABS with the following 
clarifications: 
• ‘Legislation’ and ‘Provision’ relate to the Trust arrangements for Archbold 
Expeditions, and US State and Federal legislation governing the operation of 
non-profit organisations,  
• ‘Recreation’ activities are restricted, and 
• ‘Resource extraction’ is permissible only for a specific research project.   
As discussed in sections 6.4.4 and 6.6.14, the information model represented by 
Figures 6.7 and 6.8 is only part of the information model for an NRM system.  Using 
the same approach as described in section 6.6.14, additional information for an 
NRM system for ABS can be derived from consideration of the exchanges between 
the key performers in the OV-2 diagram in section 7.3.5.3.3.  A summary of that 
consideration, for which a structured approach to identifying data was developed, is 
provided in Table 7.12 with the derived information listed under ‘information 
required’ and ‘information generated’ for each of the key performers from Figure 
7.18.  ‘Information required’ refers to information that other key performers require 
from Reserve Management, and ’information generated’ refers to information 
required by Reserve Management from other key performers.   
The terms ‘information required’ and ‘information generated’ are not strictly 
applicable to the two key performers External influence and Natural system, but the 
latter is a useful construct in identifying the information reserve management ought 
to garner from them.  
To avoid overlaps, the information in Table 7.12 is best converted to classes and 
their attributes for an expanded OV-7 for the ABS NRM system.  These additional 
classes are indicative of classes that ought to be incorporated into the generic NRM 
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system architecture description.  Other classes of the generic NRM system 
architecture description need to be more generic in their descriptions and titles e.g. 
Owner/Controller to cover Boards, and Management Committee to cover Advisory 
Committees.  
Two points are to be noted in relation to Table 7.12.  The first is that the list of 
information as presented is incomplete, as development of any information model 
always leads to the identification of missing items.  The second is that nothing in the 
table, nor in any information diagram created based on it, details the means by 
which the information will be obtained and managed.   
 
Table 7.12 - Additional information for NRM system model for ABS 
Key performer Information 
Scientific Advisory Board 
To review the practice of 
science at ABS, overall and in 
respect of each individual 
researcher’s performance 
 
Information required:  
Researcher name, area of research, capabilities, plan of 
research, progress in period of review 
Date of performance review.  Period of review 
Information generated: 
For specified period of review: outcome of individual 
performance review and outcome of overall ABS 
assessment  
Board of Trustees 
To ensure ABS operates in 
conformance with the 
requirements of Archbold 
Expeditions 
Information required: 
Per meeting - meeting date, agenda, minutes of previous 
meeting, outstanding actions, details of matters for 
consideration, finances and advice from Scientific Advisory 
Board  
Information generated: 
Confirmation of meeting attendance, decisions 
(authorisations), requests for information, actions arising 
External influence 
Refers to information 
additional to the attributes 
already identified in Figure 6.7 
Information required: Not applicable 
Information generated:  
Pre-event – monitoring of external indicators 
During and Post-event – effort to manage impact, 
quantification of changes, lessons learnt 
Natural System 
Any additional information to 
monitoring and modification as 
in Figure 6.7 
Information required: Not applicable 
Information generated:  
 Ad hoc observation and measurement 
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Resource extractor 
Only in the context of research 
projects 
Additional information to that 
in Figure 6.7  
Information required:  
Details of approved extraction and dates  
Information generated:  
Research project, purpose of extraction, date(s) of 
extraction 
General public Information required: 
Details of specific requests 
Information generated: 
Responses to requests; including any booking or 
registration information 
Date of request, date of response 
Visitor Information required: 
 
Information generated: 
Registration, liability waiver, fee or donation payment, 
booking details, number in party 
Supplier 
Relates to anything that is 
purchased by ABS 
Information required: 
Product request, purchase order (including quantity) with 
name of purchaser, delivery location and any special 
arrangements, payment and advice thereof 
Information generated: 
Supplier details, product details, product costs (product, 
shipping, taxes), date available, date shipped, invoice, 
payment options, payment receipt 
Reserve management 
In addition to the information 
exchanges with other key 
performers, ABS reserve 
management requires internal 
information exchanges 
Information required: 
Details of employees and their entitlements, asset register 
and asset maintenance requirements 
Finances 
Operational rules (section 7.3.5.3.13) that need to be 
adhered to 
Information generated: 
Employee leave histories, salary and other payments, 
training undertaken 
Maintenance schedules 
Budgets 
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7.3.5.3.10 Capability 
Establishing capability requires knowledge of what capabilities are required and 
then ensuring that those capabilities exist within the resources available, noting that 
capability may involve combinations of humans with expertise and skills and 
appropriate equipment and other assets.   
For example, over many years blood samples have been collected from the scrub 
jay bird population resident at ABS.  There are protocols involved in sample 
collection to ensure consistency over different years and different collectors, and 
importantly to minimise stress on the birds, in transportation, in storage and 
analysis.  Particular equipment is required both in the field and in the laboratory.  
Having a well described capability for all aspects of the sampling, analysis, storage 
and destruction phases is essential to ensuring that at any point the appropriate 
capabilities can be applied.   
Capability is not limited to research activities as can be seen from the list of 
capabilities identified in Table 7.13 - ABS management activities and their 
associated capabilities, which provides some of the information needed for creating 
the CV-1 (not included).  Capability, or the lack thereof, can have a significant 
impact on quality as well as time taken to complete various tasks.  Training people 
to ensure they gain and maintain the appropriate capability are important 
management considerations. 
The CV-6 diagram for the generic NRM system shows the capability and operational 
mapping for fire management (Figure 6.19) and is applicable to ABS without 
change. 
7.3.5.3.11 Services (SOV-1) 
One of the major functions of ABS is to support research undertaken by external 
researchers.  A number of services are provided by ABS to assist external 
researchers, including on-site accommodation that has sub-services of meals, 
cleaning, and provision of linen, utilities (electricity and water) and maintenance 
services.  These services are detailed in the class diagram28 at Figure 7.24, which 
also shows the stereotype <<Performer>> that provides the service.  Due to the 
location of ABS, the Utility class represents only electricity and water. 
 
                                                
28 Classes with no attributes identified are represented by class with Name only. 
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Table 7.13 - ABS management activities and their associated capabilities 
ABS management 
activities requiring 
capability 
Capability areas Supporting capability 
areas  
Business functions Finance, including asset 
management 
Human resource 
management 
Records management 
Information management 
Knowledge of ABS 
policies and relevant 
applicable standards 
Communication (both oral 
and written) 
Mathematics 
Plan and organise Communication (both oral 
and written) 
Negotiation/Leadership 
Estimation 
Dealing with external 
events 
Fire management 
(including prescribed 
burns)  
Safety of people and other 
living organisms within 
ABS 
Asset protection 
Fire suppression 
Fire fighting equipment 
Facilities Maintenance (of facilities 
such as trails and 
infrastructure, including 
displays and signage) 
Maintenance skills and 
techniques 
Equipment operation, 
including formal licensing 
Internal led research Develop research project 
proposal, including 
estimates of budget, 
assets required, schedule 
to complete 
Research methodology 
Data collection/recording 
Data analysis 
Report writing 
Organise and deliver  
Minimise impact of data 
collection on natural 
system 
Analysis techniques and 
tools 
Writing styles to suit 
different audiences 
Communication (both oral 
and written) 
Monitor & modify natural 
system (e.g. prescribed 
burns) 
Monitor methodology 
Natural system 
modification 
Data collection/recording 
Knowledge of/licence to 
apply/experience with 
modification technique  
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Four of the classes in Figure 7.24 have an attribute ‘type’ and these are defined as: 
• Technical support type  - includes system administration, GIS, data, library 
and other collections, and data collection, 
• ABS equipment type - includes IT (computers, printers, etc), vehicles, 
research, laboratory and data collection, 
• Meal service - breakfast, lunch and dinner, and 
• Dietary type - for example, salt free, gluten free, egg free, dairy free, 
vegetarian and vegan. 
With meals being prepared on-site, requiring a kitchen with appropriate furniture, 
equipment, utilities and suitable ingredients, and then served in a dining room, also 
requiring furniture and equipment, ‘Meal’ also has sub-services of purchasing, 
maintenance and cleaning, and linen (or equivalent) services.  All these sub-
services can be linked to these services already included in Figure 7.24.  
Many of the services provided to external researchers are an extension of services 
required for internal researchers and other employees to fulfill requirements of their 
positions.  Another service to internal researchers, not reflected in Figure 7.24, is 
the service provided by Land management in relation to prescribed burns of 
sections of ABS as part of a major ongoing research project.  Land management 
provides the expertise to manage the burns, including firefighting services.  
Another activity that can be considered as services by senior scientific staff for the 
benefit of other ABS operational activities is being the guide for a public education 
event.  Any similar sharing of resources is potentially a service. 
7.3.5.3.12 Systems (SV-1) 
The identification in section 7.3.5.3.11 of the types of Technical support highlights 
the collections of information to which researchers, both internal and external, have 
access and for which significant information is maintained in systems.  In addition 
there are important systems that support the business functions of ABS.  Known 
systems for ABS are portrayed schematically in Figure 7.25. 
Currently there is no online booking system available to intending visitors; therefore, 
all bookings for events and accommodation are managed via the Contacts and 
Correspondence system and the internal Booking system.  In section 6.6.17 
reference is made to an access check and payment system (Figure 6.21), but since 
there is no fee to access ABS, such a system is not provided for in Figure 7.25. 
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Figure 7.25 - Systems associated with ABS (SV-1) 
 
7.3.5.3.13 Standards (StdV-1) 
Although a private non-profit organisation ABS is still subject to a range of 
government rules29, but others are adopted to ensure quality in services, continuing 
access to historical records, and replicability of research results.  Examples of some 
of the rules that could apply are shown in Table 7.14 – Rules* applicable to ABS 
(StdV-1). 
From a management perspective, understanding what rules apply to particular 
operations is part of comprehending what is involved, and the effort and time 
required to complete the operation.  Determining what can be achieved with the 
funds available, and what operations have priority, are ongoing decisions. 
                                                
29 Rules, as used in DoDAF, includes formal standards, legislation and associated regulations and 
rules, policies and guidelines that are expected to be complied with. 
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Table 7.14 – Rules* applicable to ABS (StdV-1)  
Area Applicable rules 
Activity permitted at ABS Archbold Expeditions Trust requirements 
Policies of ABS 
Data collection protocols, 
and practices  
Manuals for use of specialist equipment 
Scientific licence requirements 
Policies of ABS 
Employee behaviour, work 
practices, and entitlements 
US Federal and Florida State statutory provisions 
Policies of ABS 
Facility provision and 
maintenance 
Florida Building Code  
Florida Fire Prevention Code 
Polices of ABS 
Fire Management, including 
prescribed burns 
Certified Prescribed Fire Management (Florida 
Department of Agricultural and Consumer Services) 
Polices of ABS 
Food preparation and service Florida Administrative Code, Chapter 64E-11.  
Policies of ABS 
Information storage Electronic data storage 
Standards for museum exhibits 
Policies of ABS 
Laboratory procedures Occupational Safety and Health Act of 1970  
29 Code of Federal Regulations 1910 
Policies of ABS 
Medical Emergency Occupational Safety and Health Standards (US 
Department of Labor) 
Polices of ABS 
Vehicle usage Valid operating licence (with many external 
researchers having driving licences issued by 
authorities outside of Florida) 
Manufacturer’s maintenance requirements 
ABS policies 
* Rules, as used in DoDAF, include formal standards, legislation and associated 
regulations and rules, polices and guidelines 
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7.3.5.4 Summary of architecture description for ABS 
As an independent organisation, the management context for ABS is relatively 
straightforward, with governance determined by the Board and applicable Florida 
State and US Federal legislation.  Within that context, all of the management 
activities for ABS are captured by the 11 management activities of the NRM system 
model.  In addition, all of the types of ABS stakeholder identified can be found in the 
list of generic nature reserve stakeholders. 
Taken together sections 7.3.5.1 to 7.3.5.3.13 form an architecture description of an 
NRM system for ABS and even though not all DoDAF views are included those that 
have been developed provide an insight into the applicability of the generic NRM 
system model as well as improvement.  Expanded views and new views developed 
for ABS are specific instances of more generic views for incorporation into the 
generic NRM system model. 
ABS key performers are basically the same, although the relationships between 
reserve management, controller (owner being represented by Board) and 
management committee (Scientific Advisory Board) are different to the generic 
model.  As a result, the key performer relationship descriptions (in the OV-1a and 
OV-2 views), and the definition of the management committee in the generic model 
need to be more encompassing.  A further difference is an omission from the 
generic model of ‘invasive species’ as an interaction from the ‘External influence’ 
key performer to the ‘Natural system’ key performer (Figure 7.18).   
In contrast to the generic organisational relationship chart (OV-4), in the chart for 
ABS (Figure 7.19) each <<OrganisationType>> is expanded or excluded (e.g. public 
relations).  The latter demonstrates the importance of the generic model allowing for 
inclusion (1) or exclusion (0) of a particular type, while the former illustrates a 
number of additional <<OrganisationType> that need to be included in the generic 
model.  Similarly, the concept of Guest Services, that is, services that may or may 
not be provided when staying overnight is permitted at a reserve, is an addition to 
the generic model. 
For operational rules, the generic model in Chapter 6 only contains examples of 
operational rules for Visitor Programs (Table 6.5).  For the ABS Visitor Program 
there are both similar and additional rules to the generic model, with the differences 
highlighting not just a potential core set of operational rules for the generic model 
but that there are two distinct types of operational rule – dichotomous and number 
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specific (Table 7.10).  As identified in section 7.3.5.3.6, operational rules, or 
constraints, are also classified by whether they derive from mission, operation or 
business rules.  Using these two classifiers, constraint type and operational rule 
type, a new framework (Table 7.11) is proposed for use in identifying operation rules 
across all aspects of nature reserve management within the generic model.  
The range of nature reserve ‘objects’ (in a modelling sense) that can exist in 
different states is for ABS somewhat expanded from the example used in Chapter 6 
to demonstrate state transitions (an OV-6b view).  All of the examples provided in 
section 7.3.5.3.7 are described from a generic perspective, including the detailed 
example based on ABS researchers, with a view to incorporation into an expanded 
generic NRM system model.   
In seeking to identify the additional data for an ABS NRM system model (that is the 
management related data which is over and above the data for a nature reserve 
captured in Figure 6.7 and 6.8), a structured approach to identifying the data was 
developed based on considering for each key performer what information is required 
and what information does the key performer generate (section 7.3.5.3.9).  Although 
based on ABS specific key performers, the data items identified are sufficiently 
generic to also be easily incorporated into the generic NRM system model.  
Although no specific project details are available, in the context of considering the 
Project views for ABS, a framework for identifying projects and project owner was 
developed as a PV-1.  A Gantt chart, or similar, indicating time frames, is a suitable 
representation of a PV-1.  For the third view (PV-3 capability mapping), an example 
based on <<Capability>> Secure Perimeter for ABS shows how the specific 
instance for ABS can be derived from a secure perimeter capability mapping for the 
generic NRM system. (section 7.3.5.2) 
Services offered to external researchers at ABS and by whom (their performers) is 
used to illustrate how a component of the architecture description can easily 
encapsulate what could be seen as disconnected activities and not even perceived 
as services (Figure 7.24).  This specific ABS services diagram provides a basis for 
generating the equivalent generic diagram for the generic NRM system model. 
Similarly, for the examples provided for the systems view (Figure 7.25) and the 
capability view (Table 7.13 - ABS management activities and their associated 
capabilities).  
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Based on section 7.3.5 the NRM system model is applicable to management of a 
nature reserve supporting an extensive research program, education and visitor 
programs, and the provision of services associated with overnight stays.  
7.4 Case	studies	conclusions	
The purpose in undertaking the two case studies, BGNR and ABS, is to assess the 
applicability of the (generic) NRM system model developed in Chapter 6, and to test 
ease of understanding and applicability (as per section 5.7).  BGNR is a nature 
reserve with limited permissible human activity and off-site management, while ABS 
is a nature reserve supporting extensive research, education and visitor programs 
with on-site management.  
A key aim in creating any architecture description is to ensure it is fit-for-purpose, 
with not all architectural model views needing to be created (US DoD 2009, Volume 
2, p.4).  Table 7.15 lists all the views considered for each of the generic, BGNR and 
ABS architecture descriptions.   
Some views (AV-2, AV-3 and StdV-2) are only considered for the generic model, 
since they do not impact on an assessment of applicability of the NRM system 
model.  The project views are specifically not examined in the context of the generic 
model (as per section 6.6.1). 
In respect of creating fit-for-purpose architecture descriptions for the two case 
studies (BGNR and ABS) based on the NRM system model, the purposes are, as 
per section 7.1, to: 
• establish if a generic NRM system model, as described in Chapter 6, is 
applicable to existing nature reserves,  
• determine if the creation of a specific NRM system architecture descriptions 
identifies errors of fact or omission in the generic model, and  
• assess whether the use of an architecture description assists in identifying 
missing elements in current management.  
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Table 7.15 - DoDAF views used in the NRM system architecture descriptions 
for BGNR, ABS and the generic model** 
DoDAF View Generic** BGNR ABS 
All viewpoint 
AV-1† !  !  !  
AV-2† !*   
AV-3 !    
Project viewpoint 
PV-1   !* 
PV-2   !* 
PV-3   !  
Operations viewpoint 
OV-1a† !  !  !  
OV-1b !   !  
OV-1d !  !   !  
OV-2† !  !  !  
OV-4 !  !  !  
OV-5b !  !  !* 
OV-6a† !   !  
OV-6b !   !  
OV-6c† !  !* !  
OV-7 !*  !* 
Capability viewpoint 
CV-1  !* !* 
CV-6 !  !* !* 
Service-Oriented viewpoint 
SOV-1 !  !* !  
Systems viewpoint 
SV-1† !  !* !  
Standards viewpoint 
StdV-1† !  !  !  
StdV-2 !    
*   View included but without the associated diagram or matrix  
**  BGNR and ABS architecture descriptions developed using the generic model 
†  View recommended by Reedy and Bellman (undated) for consideration (see section 6.6.1) 
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Applicability 
For both BGNR and ABS, their management functions and stakeholders are all 
captured within the 11 management functions and the stakeholder groups for the 
generic nature reserve.  
Many of the views from the generic model apply direct - key performers (OV-1a), 
high level concept description (OV-1b), use cases (OV-1d), key performers and their 
interactions (OV-2), organisational relationship chart (OV-4), activities of Visitor 
Program (OB-5b), and operational rules (OV-6a).  Although for some views 
additional specificity is required to capture accurately the case study.  These 
include: 
• the qualification on resource extraction being limited to research activities 
(OV-1a), 
• the use of ‘management committee’ as a key performer, when both BGNR 
and ABS have a ‘specialist advisory’ group with a slightly different role (OV-
1a and OV-2), 
• a direct relationship between the owner and management committee key 
performers is not part of the generic OV-1a yet for both BGNR and ABS this 
relationship exists 
• all of the <<OrganisationTypes>> in the organisational relationship chart 
(OV-4) from the NRM system model capture the situation for ABS with two 
additional types (Research and Information Technology) being expanded, 
• for ABS the visitor program activities and their key performers is identical to 
the generic diagram (OV-5b) allowing for the different form of access check, 
and 
• the operational rules matrix in the NRM system model (OV-6a) is currently 
only for Visitor Programs, but when applied to the ABS equivalent rules 
could be identified together with a number of other operational rules. 
For these views of the architecture description, the NRM system model is shown to 
be directly applicable. 
Other views forming the NRM system model are incomplete, comprising only part of 
a full view description.  These incomplete views are: organisational relationship 
chart (OV-4), operational activities (OV-5b), operational state transitions (OV-6b), 
operational event-trace descriptions (OV-6c), information model (OV-7), capability 
(CV-6), services (SOV-1), systems (SV-1), standards (StdV-1 and StdV-2).   
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Table 7.16 identifies for each of these incomplete views how the view is used in the 
BGNR and ABS architecture descriptions.   
Due to the restricted activity at BGNR six of these views are not applicable for 
BGNR and have not been used.  For two views (StdV-1 and OV-5b), the incomplete 
view is used as a base and extended to provide a compete view.   
In relation to capability, for both BGNR and ABS identifying capabilities became the 
first step rather than considering application of the incomplete CV-6 view.  
In the case of ABS, with the exception of the capability view, all of the incomplete 
views are used as the start and i) extended (OV-4, OV-7, SV-1 and StdV-1), ii) used 
as is and extended with an alternative example (OV-5b) or iii) used with an 
alternative example (OV-6b, OV-6c and SOV-1). 
Combining the use of incomplete views with that for views applied direct, the overall 
conclusion is that the NRM system model can be applied to specific instances of 
nature reserves. 
NRM system model changes 
Two different types of model change are encapsulated in the information provided 
on the applicability of the NRM system model to BGNR and ABS.  These are: 
1) additional specificity within existing views, and 
2) extensions to existing views. 
Additional specificity arises where the NRM system description is too limited.  For 
example, management committee as a key performer needs to be more generic to 
encompass specialist advisory groups.  Management committee as currently 
defined is primarily an advisory body, so that a renaming to management advisory 
group with an appropriate change to the definition is warranted.  
With reference to Table 7.16, extensions to existing views includes: 
• expansion of elements, such as the organisation types in the OV-4 
• use of the 11 generic management functions for nature reserves to expand 
the content of a view, such as in CV-1 and OV-5b 
• incorporation of additional subcomponents to complete a view, such as an 
additional example to OV-5b, OV-6b, OV-6c, and SOV-1, and 
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Table 7.16 - Incomplete NRM system views use for BGNR and ABS 
Incomplete NRM system 
view 
BGNR ABS 
Organisational relationship 
chart (OV-4) – only two 
organisation types expanded 
View not used 
No specific BGNR 
organisation 
Complete 
All relevant organisational 
types expanded 
Operational activities (OV-
5b) – example of Visitor 
Programs 
Complete using 11 generic 
management functions 
Used for Visitor Program and 
Guest Services 
Operational state transitions 
(OV-6b) – guided activity 
example 
View not used 
No guided activity conducted 
Example using states of 
researcher  
Operational event-trace 
descriptions (OV-6c) – 
resource extraction example 
View not used 
No resource extraction 
Example not applicable 
Used guided walk activity 
instead 
Information model (OV-7) – 
example of accessing nature 
reserve 
Information gathering is 
based on identifying what 
key performers need from 
each other 
View not used 
Access example not 
applicable 
Access example not 
applicable 
Information gathering uses 
construct based on 
‘information required’ and 
‘information generated’ by 
each key performer 
Capability (CV-6) – 
operational and capability 
mapping for people safety 
CV-1 format used, drawing 
on 11 generic management 
functions  
CV-1 format used, drawing 
on 11 generic management 
functions  
Service-Oriented (SOV-1) – 
facility management 
View not used 
No specific BGNR Service 
Used services provided to 
external researchers 
Systems (SV-1) – nodes and 
interfaces of a system 
controlling reserve access  
View not used 
No specific BGNR System 
Example not applicable 
Major systems and their 
interfaces  
Standards (StdV-1) – limited 
to employment conditions 
Seven areas identified, 
including employment 
Ten areas identified 
including employment 
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• the incorporation of ‘information required’ and ‘information generated’, such 
as for each key performer (OV-7), as a structured approach to identifying 
missing data.  In similar vein, incorporation of the framework based on 
operational rule type and constraint type in order to identify generic 
operational rules across all aspects of nature reserve management (Table 
7.11)  
A further extension is to include the project views developed as part of the ABS 
architecture description (Table 7.15). 
Using the NRM system model to create architecture descriptions for BGNR and 
ABS has not identified any major changes to the NRM system model; however, 
inclusion of the changes encompassed by 1) and 2) above will address current 
shortcomings. 
Potential management improvements 
Notwithstanding the architecture descriptions for the two case studies are 
incomplete, there is evidence to indicate that their use may be of assistance in the 
management of these two reserves.   
Based on the information available, for BGNR two aspects of current management 
are identified as lacking in some way: 
• the importance of identifying and managing capabilities in addition to those 
of fire fighting, and 
• the need to include search and rescue as a service to be managed, even if 
actual search and rescue is undertaken by other service providers, such as 
the NSW State Emergency Service or the NSW Police. (section 7.2.5.10) 
For ABS, bringing together in one view all the services provided to external 
researchers, as in Figure 7.21, provides a management perspective not identified in 
any of the management information obtained for ABS.   
Ease of understanding and applicability 
As the developer of the generic model, familiarity with the content of the model 
could be expected to provide a benefit in the application to the two case studies.  A 
benefit that any other user of the model would not have.  Notwithstanding this 
apparent advantage, the unavailability of guidance as to what to consider in relation 
to particular DoDAF views, from US DoD (2009b) and the Artisan Studio tool, meant 
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that some difficulty was experienced in applying the generic model.  This is most 
evident in relation to ABS where new frameworks were developed to assist in 
identifying operational rules (7.3.5.3.6) and information (data) (7.3.5.3.9).  
Case study conclusion summary 
In respect of the three purposes for developing the BGNR and ABS architecture 
descriptions, the conclusions are: 
• the NRM system model as developed so far is directly applicable to 
instances of nature reserves, 
• the NRM system model is useable in its current form but could benefit from 
enhancements as identified from the two case studies, and 
• there are indications that the NRM system model may be useful to 
management, but the shortcomings identified from the two case studies 
need to be tested with management of the respective nature reserve to 
confirm that they are not an artifice of information missing from the 
management documents relied on for the case study. 
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Chapter 8  
Conclusions and Future 
Research 
SHUT UP AND LISTEN to what is going on now, from 
the man who is doing it now.  After you understand 
perfectly what is going on from his point of view, you 
may try to improve it.  Woolsey (1972, p. 731) 
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8. Conclusions and Future Research 
8.1. Summary	of	research	and	outcomes		
Protection of Earth’s natural systems takes many forms, with the establishment of 
nature reserves, dedicated and managed to achieve long-term conservation of 
nature with associated ecosystem services and cultural values, a key global intent.  
In this context, a nature reserve is a protected area that is a clearly defined 
geographical space, recognised, dedicated and managed, though legal or other 
effective means (as per the IUCN in Dudley (2008)).  Under the Convention on 
Biological Diversity, by 2020 the target is to have at least 17% of the world’s 
terrestrial areas and 10% of coastal and marine areas forming a global protected 
area network that is effectively and equitably managed.  Whilst reserve areas have 
been increasing, recent assessments continue to show that current management of 
nature reserves is inadequate or ineffective (United Nations 2011, 2013), raising 
concerns that long-term conservation aims will not be achieved.  
A factor contributing to inadequate management is that protected area managers 
lack appropriate management skills (American College of Management and 
Technology, 2008; Kopylova and Danilina, 2011; Dudley et al, 2010).  However, 
understanding what is required of management involves not only having the 
necessary management skills but also comprehending the context in which those 
skills are to be applied.  In this case, that means understanding the ‘system’ in 
which management of a nature reserve is undertaken. 
Consideration of systems and systems thinking as an approach to improving the 
management of protected areas through better understanding of what has to be 
managed is relatively recent (Fischer et al, 2007; Bosch et al, 2007; and Foley, 
2008), although Bellamy et al (2001) did propose a systems-based evaluation 
framework for natural resource management.  In contrast, systems modelling and its 
benefits have been well understood for decades (Kramer & Smit, 1977), with the 
more recent development of a domain independent systems modeling approach and 
standardised systems modeling language (SysML) by the Object Management 
Group (OMG, 2010a), further enhancing the applicability of systems modelling.  In 
the absence of any demonstrated application of systems thinking and modelling to 
nature reserve management, the question became: Can systems modelling provide 
a way forward to better management of nature reserves? 
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The approach to answering this question has been to define and develop a nature 
reserve management (NRM) system, via the following four steps:  
Step 1: Determine what management means in the context of a NRM 
system, specifically in terms of aspects of management 
Step 2: Establish what people (either directly or indirectly involved in nature 
reserve management in Australia) are adopting to assist with their 
management  
Step 3: Explore how a NRM system can be modelled 
Step 4: Examine applicability of the NRM system model via two case 
studies 
8.1.1. Management	(Step	1)	
In the absence of any standard definition of management as applied to nature 
reserves, and to ensure appropriate interpretation of any model of a NRM system 
developed, the following management related definitions have been derived and 
adopted (Chapter 3). 
Context for the term management of nature reserve:  
the management of any area that has been identified for the protection of 
habitats including living organisms within that habitat, irrespective of any 
statutory or non-statutory identification assigned to the area, whether the 
area is managed privately, by government or other environment 
organisation, and whether or not the area is subject to sustainable 
resource usage.   
Management: 
Management is activities undertaken by one human, or more working 
together, to achieve agreed objectives. 
Management of nature reserve: 
Management in this context refers to management of human activity and 
it’s influence on the nature reserve. 
The next level of understanding of management depends on the identification of 
what human activity has the potential to influence at least one nature reserve.  Such 
activity is referred to as ‘aspects’ of management, and where ‘activity’ is action/s 
taken in order to achieve specific aims and ‘action’ is the process of doing 
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something.  Examination of generic definitions of management, together with current 
management approaches and evaluations thereof, generated a matrix of 
management aspects to be taken into consideration in relation to nature reserves 
(Appendix A). 
8.1.2. The	Survey	(Step	2)	
The intent of the email only survey of people involved in nature reserve 
management in Australia was to obtain information on what reserve managers are 
using to assist with their management.  The most used tool is a spreadsheet (75% 
of respondents), with specialist environment management approaches and tools 
having somewhat limited adoption. 
Three conclusions are drawn from the survey results: 
• management is an ongoing issue, 
• there is no recognition that nature reserve stakeholders include more than 
humans, and 
• given the limited adoption of environment management approaches and 
tools, any model of a NRM system needs to be easily understood and 
applied (Chapter 5).  
8.1.3. Modelling	a	NRM	system	(Step	3)	
Based on examination of modelling methods and the incorporation of systems 
thinking into modelling processes as in Chapter 4, the approach adopted for 
modelling a NRM system is one based on an architecture description reflecting a 
systems approach and the use of a standard architecture framework and standard 
language.  Specifically, a governance related architecture framework, DoDAF30 as 
implemented in UPDM, is the framework used to create an architecture description 
(model) of a NRM system (Chapter 6).  
8.1.4. Testing	the	model	(Step	4)	
Two case studies are used to test the developed model for a generic NRM system 
as a proof-of-concept (Chapter 7).  The nature reserves forming the case studies 
are i) Barren Grounds Nature Reserve (BGNR) in New South Wales, and ii) 
Archbold Biological Station (ABS) in Florida in the USA.  Both reserves are 
approximately the same size but are at the extreme ends of the management 
spectrum.  BGNR is part of the network of protected areas managed by the NSW 
                                                
30 A reference to DoDAF means the US DoD architecture framework as implemented in the 
Object Management Group’s Unified Profile for DoDAF and MODAF (UPDM) 
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National Parks and Wildlife Service and has no on-site management.  ABS is a 
privately owned reserve with a Board, and an ex officio Executive Director residing 
on-site with responsibility for all aspects of management associated with the 
reserve.  BGNR is not represented in the survey of Australian reserve managers. 
Based on application of the NRM system model to create architecture descriptions 
for the two case studies, the model is directly applicable to instances of nature 
reserves, and is able to be used in its current form, albeit enhancements have been 
identified from the case studies (section 7.4 - NRM system model changes).  
Possible management improvements identified in the case studies need to be tested 
with the reserve managers to ensure they are not an artifice of missing information.  
Assessment of ease of understanding and applicability of the generic NRM system 
model also needs testing with reserve managers.   
8.1.5. Systems	modelling	and	the	management	of	nature	reserves	
To assess whether the systems modelling approach, as implemented for the 
research reported herein, does provide a way forward for ‘better management of 
nature reserves’, as in section 8.1, depends on the definition of ‘better’.  The NRM 
system model developed, as demonstrated via the two case studies, does provide 
an applicable management framework able to identify potential management 
improvements and on that basis has the potential to result in  ‘better’ management.  
8.2. Summary	of	contribution	
The research made public through this dissertation provides the following 
contributions to knowledge, primarily in relation to management of nature reserves 
but also in the application of DoDAF. 
8.2.1. Management	of	nature	reserves	
8.2.1.1. The model 
Approaching the management of nature reserves from a systems perspective not 
only acknowledges but also highlights the interconnectedness (relationships) 
between all the different influences potentially impacting on a reserve.   
For the management of any particular reserve, creating a management model from 
the generic NRM system provides a way forward to better management by drawing 
on the well-established system analysis approaches successfully utilised in other 
domains, such as in health (Ammenwerth, 2002; Berman & Bitran, 2011) and water 
resource management (Feldman, 1992; Ford & Davis, 1989), and application of 
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DoDAF to naval ship design (Kerns et al, 2011), health management in a maritime 
enterprise (Pan et al, 2013), defence capability decision making (O’Shea et al, 
2012), ground system for the National Oceanic and Atmospheric Administration’s 
Joint Polar Satellite System (NOAA’s JPSS) (Morgenstern, 2013) and mission 
specific software (Asbill, 2006). 
8.2.1.2. The survey 
In addition to the survey conclusions (section 8.1.2), the survey results also provide 
information, for a single point in time (mid-2011), on four key features required of 
nature reserve management under Australia’s National Reserve System Strategy 
(NRSS) (National Reserve System Task Group, 2009): 
i) collaboration with stakeholders - 86% of respondents have experience 
with stakeholder participation, but stakeholder seemed limited in 
definition to humans; 
ii) use of adaptive management - 70% of respondents have experience with 
adaptive management, but there is very limited use of any tool from 
which learning, as required under adaptive management, could occur; 
iii) use of internationally recognised frameworks for assessments - only 10% 
of respondents had any experience with the NRSS specified tools for 
evaluating effectiveness of the management of nature reserves; and 
iv) have a management plan - approximately 60% of reserves have a 
strategic management plan in place. 
No inference on the effectiveness of the NRSS can be drawn from these results, 
due to the small sample size of survey respondents (37), the fact that the survey 
was not specifically designed to evaluate the requirements of the NRSS, and only 
one sample point is available.  However, the results are potentially of value in 
association with any planned evaluation of the NRSS, or in repeat surveys based on 
the survey instrument used in 2011.   
8.2.2. Application of DoDAF 
While both US DoD (2009b) and Artisan Studio31 provide guidance on how to use 
DoDAF, neither gives any pointers on how to identify the elements to be included in 
the model.  In creating the architecture description for ABS two practical frameworks 
for identifying model elements have been developed:   
                                                
31 Artisan Studio is a modeling tool, now called PTC Integrity Modeler, available from 
http://www.ptc.com/application-lifecycle-management/integrity/modeler 
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1. a matrix framework to assist in the identification of operational rules 
comprising type of operational rule (dichotomous and number specific), and 
constraint type (mission, operation and business rule) (Table 7.11), and 
2. the use of ‘information required’ and ‘information generated’ in relation to 
each key performer in order to identify management data for the information 
model view (OV-7) (Table 7.12). 
These two frameworks are applicable independent of the context in which DoDAF is 
being applied.  
A further practical tool developed when creating the NRM system model is the 
construct of a matrix that cross-references the eleven generic nature reserve 
management functions with the DoDAF viewpoints.  The construct of cross-
referencing management functions with DoDAF viewpoints is equally applicable to 
other management environments by simply substituting the nature reserve specific 
management functions with any management functions pertinent to the particular 
management environment being modelled. 
The use of DoDAF for this research into modelling the management of nature 
reserves provides a demonstration of the applicability of using an architecture 
framework to model non-military management contexts. 
8.3. Limitation	of	contribution	
Using management tools to assist with the management of nature reserves is not 
common (section 5.5.3), and where used there is also a need to improve how they 
are used in order to achieve “good and consistent management on the ground” 
(Leverington et al 2010, p.49) 
Although two case studies demonstrate the applicability of the NRM system, the 
model is yet to be tested with on-the-ground managers, in terms of applicability, 
ease of use, and benefit in relation to improving management. 
8.4. Future	research	
The architecture description (model) presented in section 6.6 is incomplete, with 
only sample views demonstrating how the architecture description for the NRM 
system is developed and data is integrated across the views.  Though incomplete, 
the model proved to be applicable for the two case studies, but to obtain maximum 
benefit the current NRM system description requires expansion to consider all views 
and, more importantly, inclusion of guidance for the prospective user.  Such  
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(guidance needs to be developed and presented in terms of the domain of the 
intended user.   
Further investigation is needed into whether there is a way to automate creation of 
the views for a particular reserve based on availability of a complete architecture 
description for a generic NRM system.  Automation combined with appropriate 
guidance is essential to address the conclusion from the survey that any model 
created needs to be easily understood and applied (section 5.7).  Further to section 
8.1.4 validation by testing with reserve managers is also important. 
Although creating an architecture description for a particular nature reserve enables 
the full extent of its management to be exposed, the typical purpose (in the software 
engineering domain) for creating an architecture description is to assist in 
development of an information-based system (software and hardware) to support 
management activities.  Research to identify how such an information system would 
either integrate or interface with existing systems used in reserve management is 
needed.  Almost half of the survey respondents (49%) indicate familiarity with using 
databases, suggesting there already exists the underlying knowledge necessary for 
the adoption of an information-based management system centred on a database.   
As indicated in section 8.3, research is needed to test the NRM system with on-the-
ground managers.  
While the outcome of this research is a NRM system, there are few aspects of the 
generic model that only apply to nature reserves.  A generic management system 
using the same architecture framework and capable of tailoring to specified domains 
is a future challenge. 
8.5. Closing	remarks	
Undertaking cross-discipline research is challenging but very rewarding, as threads 
from the different disciplines, in this case management, software engineering and 
environment, become interwoven.  Part of the challenge is ensuring the level of 
understanding across each discipline is appropriate for the research activity, since 
an in-depth understanding across all aspects of each discipline is unlikely to be 
achieved as part of the research.  As a consequence, there are potentially well-
recognised references from each of these three disciplines that are not cited herein, 
since the research relies on a targeted literature review. 
_______________ The End _______________ 
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Appendix A  
Matrix of management aspects  
The following matrix of management aspects is derived from the following 
publications: 
IUCN (1994) 
Grumbine (1994,1997) 
Phillips (2003) 
Mendoza et al (2004) 
Hockings et al (2000, 2006) 
Coram (2002) 
Together with dictionary management definitions in: 
Collins (1988), and  
Collins and Oxford online dictionaries (http://www.collinsdictionary.com and 
http://www.oxforddictionaries.com) 
Each aspect identified is listed in a column below the relevant publication. 
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Appendix B  
Definitions of IUCN protected 
area categories 
 
Category Description Area managed mainly for 
Ia Strict Nature Reserve Strict protection 
Ib Wilderness Area Strict protection 
II National Park Ecosystem conservation and 
recreation 
III National Monument or Feature Conservation of natural features 
IV Habitat/Species Management Area Conservation through active 
management 
V Protect Landscape/Seascape  Landscape/seascape 
conservation and recreation 
VI Managed Resource Protected Area Sustainable use of natural 
ecosystems 
 
 
Source: IUCN (1994, p.7) 
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Appendix C  
Adaptive management 
Example definitions from the 
last 20 years  
 
 “Adaptive management is a series of steps [plan, act, monitor, evaluate] 
structured to promote rapid learning and modify management responsively to 
meet changing societal objectives and evolving knowledge of ecological 
systems.” (Bormann et al 1994, p. 2) 
 “Adaptive management combines research and action.  Specifically, it is the 
integration of design, management, and monitoring to systematically test 
assumptions in order to adapt and learn.” (Salafsky et al, 2001 as quoted in 
Salafsky et al 2002, p. 1471) 
From the original reference the quote is: “Adaptive management incorporates 
research into conservation action. Specifically, it is the integration of design, 
management, and monitoring to systematically test assumptions in order to 
adapt and learn.”  (Salafsky et al, 2001, p. 12) 
“a cyclic learning-oriented approach to the management of complex 
environmental systems that are characterised by high levels of uncertainty 
about system processes and the potential ecological, social and economic 
impacts of different management options.” Jacobson (2003, p. 1) 
 “Adaptive management is based on a circular – rather than a linear – 
management process, which allows information concerning the past to feed 
back into and improve the way management is conducted in the future.” 
(Hockings et al 2006, p. 5) 
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In the cycle of management “you need to use what you have learned during 
the analyses and discussions to modify and optimize your activities.  This is 
the essence of adaptive management.” (Conservation Measures Partnership 
2007, p. 24) 
 “Adaptive management can be defined as a systematic process for improving 
management policies and practices by systemic learning from the outcomes of 
implemented management strategies and by taking into account changes in 
external factors.  The idea of adaptive management has been discussed in 
ecosystem management for quite some time.  It is based on the perception 
that the ability to predict future key drivers that influence an ecosystem, 
system behaviour and responses, is inherently limited.” (Pahl-Wostl et al 2009, 
p. 2) 
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Appendix D  
SysML and UPDM 
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D.1	 SysML	
SysML is a general-purpose modelling language for systems engineering 
applications, supporting requirements specification, analysis, design, verification 
and validation of a broad range of systems and systems-of-systems (OMG, 2010a, 
p. 1). 
The SysML is expressed in diagram form as in Figure D.1.  There are also a number 
of model elements that can be used with the various SysML diagrams.  
Explanations of the nine diagram kinds and the model elements are provided in 
Table D.1.  Descriptions of Diagram, Structure Diagram and Behaviour Diagram are 
inherited. 
 
 
Figure D.1 – SysML Diagram Taxonomy (after Figure A.1 in OMG, 2010a) 
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SysML Diagram format 
Each SysML diagram comprises a ‘frame’ and ‘header’ (Figure D.2) to enable 
accurate identification of the diagram and its focus.  The header components are: 
diagram kind Any of the diagrams shown in Figure D.1, usually 
abbreviated to 3-letters e.g. act (activity), bdd (block 
definition diagram), ibd (internal block diagram) and 
req (requirements)  
For use with DoDAF is useful to adopt DoDAF view 
identifiers as the diagram kind, since they are 
precisely defined diagrams 
model element type For use with DoDAF is useful to use ‘Architectural 
Description’ for model element type 
model element name Name of the element of the model to which the 
particular diagram applies 
diagram name User defined diagram name or view name, e.g. 
DoDAF view identifiers OV-1a. 
 
Note: Some tools allow for components of the header to be omitted 
 
Figure D.2 – SysML diagram frame and header 
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Table D.1 – Descriptions of key SysML components 
Diagrams Description 
Requirements  Provides a modelling construct for text-based 
requirements, and the relationship between 
requirements and other model elements that satisfy or 
verify them.  Can depict requirements in graphical, 
tabular or tree structure format. 
Structure   
Block Definition (bdd) A bdd is a modular unit that describes the structure of a 
system or element and provides a general-purpose 
capability to describe the architecture of a system. 
bdds can be used to represent a system hierarchy, 
including connectivity relationships (in terms of 
associations, generalisations and dependencies), 
information and quantitative values. 
Internal Block (ibd) An ibd is owned by a bdd and captures the internal 
structure (parts) of the bdd in terms of properties and 
connectors between properties.  As with bdd, ibds can 
be nested. 
Parametric Describes the constraints among the properties 
associated with Blocks. 
Can be used to integrate behaviour and structure 
models with analysis models such as performance and 
reliability models. 
Package Used to show the structure of the model or sections of 
the model, and can also be used to show Views (as in 
section D2). 
Behaviour   
Activity  Details the inputs, outputs, sequences and conditions for 
coordinating behaviours with links to blocks owning the 
behaviours. 
Sequence  Describes the flow of control between actors and 
systems (blocks) or between parts of a system. 
State Machine Represents behaviour as the state history of an object in 
terms of its transitions and states. 
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Diagrams Description 
Use Case Describes the usage of a system by its actors to achieve 
a goal and the associated communications between 
them.  
Common elements  
Comment A textual annotation that can be attached to a set of 
items 
Constraint A limitation imposed upon the functionality of a system, 
with measurable and testable values 
Note A textual annotation to add additional information to any 
diagram.  A Note may also be linked to a specific item or 
items on the diagram by insertion of a Link 
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D.2	 UPDM	
Architecture frameworks comprise a number of different views from which to 
understand the overall problem situation (in the terminology of Checkland, 1999).   
The Unified Profile for DoDAF and MoDAF (UPDM) is a modelling standard 
developed by OMG that supports both the USA Department of Defense Architecture 
Framework (DoDAF) and the UK Ministry of Defence Architecture Framework 
(MODAF).  UPDM defines a set of UML and optional SysML stereotypes and model 
elements and associations. 
Of the available versions of UPDM, UPDM version 2.0 (based on DoDAF 2.0 and 
MODAF 1.2) released in January 2012 (OMG 2012) is referred to here.  There are 
seven Viewpoints represented by the following codes:   
Viewpoint Code 
Acquisition/Project AcV/PV 
All AV 
Operational OV 
Service-Oriented SOV 
Strategic (Capability) StV/CV 
System SV 
Technical/Standards TV/StdV 
 
Each Viewpoint can comprise a number of diagrams or tables, referred to as Views.  
Table D.2 provides a summary description of each Viewpoint, together with details 
of the Views available for each of the seven Viewpoints of UPDM as implemented 
by Atego in Artisan Studio32.   
For any particular modelling exercise or project not every view may be applicable.  
Artisan Studio enforces use of dependent views whilst allowing users to determine 
the need for others.  
  
                                                
32  Artisan Studio is a modeling tool, now PTC Integrity Modeler, available from 
http://www.ptc.com/application-lifecycle-management/integrity/modeler 
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Table D.2 – The UPDM viewpoints and their views33 
Views Views and their descriptions Diagram/Matrix 
Acquisition/
Project 
Identify top-level tasks from an organisational 
perspective in terms of resources, assets, and 
capabilities during the life of the project 
 
 AcV-1/PV-1 Actual projects - Is a tabular view 
of the organisational perspective of a projects 
or projects within a program, or organisational 
responsibilities  
AcV-2/PV-2 Project timelines - Provides a 
timeline perspective comprising ‘start date’, 
‘end date’ and milestones 
AcV-3/PV-3 A class or object diagram that 
helps the creation of the underlying elements 
for AcV-1/PV-1 and AcV-2/PV-2 
Matrix 
 
 
 
Diagram 
 
 
DIagrams 
All  Overarching aspects of architecture context 
that set the scene for all other viewpoints 
 
 AV-1 Overview and summary - Text 
description covering: system identification, 
scope, purpose, context (including 
assumptions, constraints and limitations), time 
frame & findings 
AV-2 Integrated Dictionary - Architecture 
Dictionary, generated automatically from the 
model, is a repository with definitions of all 
terms used throughout the data and 
representations 
AV-3 Actual measurements (a ‘measure’ is a 
property of something in the physical world) 
AV-3 Measurements Definition 
 
 
 
 
 
Matrix 
 
 
 
 
Diagram 
 
Diagram 
Operational  Articulate what needs to be achieved in terms 
of operational scenarios, processes, activities 
& requirements/resources, including exchange 
of information, systems and energy 
 
                                                
33 As represented in Artisan Studio, now PTC Integrity Modeler, available from 
http://www.ptc.com/application-lifecycle-management/integrity/modeler 
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Views Views and their descriptions Diagram/Matrix 
 OV-1a High level operational concept graphic 
– graphical depiction of operations 
OV-1b Operational concept description – 
textual description 
OV-1c Operational performance attributes – 
measures the architecture is expected to 
achieve 
OV-1d Mission usage – operational context in 
the form of use cases 
OV-2 Operational resource flow description – 
depict key performers and their interactions 
OV-3 Operational resource flow matrix – 
summary of the operational exchanges 
between nodes 
OV-4 Organisational relationships chart - 
details relationships between nodes, and exists 
in two forms, typical and actual, of class 
diagram and a table 
OV-5a Operational activity decomposition tree 
– operational activities of nodes as class 
diagram 
OV-5b Operational activity model – operational 
activities of nodes as activity diagram 
OV-6a Operational rules model – generated 
report showing operational constraints 
associated with operational elements such as 
nodes, organisations and activities 
OV-6b State transition description – describes 
the operational states of a node, the 
behaviours that take place within those states, 
and the events and guards that cause the 
transition 
OV-6c Event-trace description – time based 
behavioural scenario between operational 
elements as a sequence diagram  
Graphical 
diagram 
Text 
 
Matrix 
 
 
Diagram 
 
Diagrams 
 
Matrix 
 
 
Diagrams 
& 
Matrix 
 
Diagram 
 
 
Diagram 
 
Matrix 
 
 
 
Diagram 
 
 
 
 
Diagram 
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Views Views and their descriptions Diagram/Matrix 
OV-7//DIV-1/DIV-2 Information model 
/Conceptual Data model/Logical data model – 
describes the information elements and entities 
used in the operational context.  They are used 
in OV-2 and other diagrams 
Diagram 
Service-
Oriented 
Articulate the performers, activities, services 
and other exchanges providing or supporting 
defined functions 
 
 SOV-1 Service Taxonomy – specifies an 
hierarchy of services (Class Diagram) 
SOV-2 Service interface specification – defines 
interfaces that will provide access to the 
services (Class Diagram) 
SOV-3 Strategy to service mapping – shows 
how services contribute to a strategy (Class 
Diagram) 
SOV-4a Service behaviours and constraints – 
defines constraints that must be adhered to 
SOV-4b Service behaviours and constraints – 
defines states, transitions and events that 
cause those transitions (State Diagram) 
SOV-5 Service functionality – specifies the set 
of functions that a service implementation is 
meant to perform (Class Diagram) 
Diagram 
 
Diagram 
 
 
Diagram 
 
 
Matrix 
 
Diagram 
 
 
Diagram 
Strategic 
(Capability) 
Articulate the capability requirement, delivery 
timing and deployed capability.  Shows 
relationships between capabilities and the 
resources required to realise them 
 
 CV-1 Capability Vision – describes the 
strategic context 
CV-2 Capability taxonomy – capabilities 
described in terms of the properties needed to 
achieve the strategy 
CV-3 Capability phasing & project mapping – 
planned achievements at different points in 
Diagram 
 
Diagram 
 
 
Matrix 
 
  Part IV 
___________________________________________________________________ 
 
278
Views Views and their descriptions Diagram/Matrix 
time 
CV-4 Capability dependencies – identifies 
logical groupings of capabilities and their 
dependencies 
CV-5 Capability to organisational mapping – 
shows planned use of resource and the 
responsible organisation 
CV-6 Capability to operational activities 
mapping – identifies how operational activities 
support capabilities (strategies) 
 
Diagrams 
 
 
Matrix 
 
 
Diagram 
Systems Articulate the legacy systems or independent 
systems, their composition, interconnectivity 
and context providing for, or supporting, 
defined functions 
 
 SV-1 Systems & services interface description 
– composition and interaction of systems and 
includes human performers 
SV-2 Systems & services resource flow 
description – specifies the resource flows 
between systems 
SV-3 Systems & services connections – 
tabular summary of the system interactions 
SV-4 Systems & services functionality 
description – human and system functionality 
SV-5a Operational activity to systems & 
services traceability - a mapping of 
systems/services back to operational activities 
SV-5b Operational activity & capability to 
function & service trace  
SV-6 Systems & services resource flow 
exchange matrix – focus is on resource 
crossing the system boundary 
SV-7 Systems & services measures matrix – 
specifies resources and their measurement 
sets 
Diagram 
 
 
Diagram 
 
 
Matrix 
 
Diagram 
 
Diagram 
 
 
Matrix 
 
Matrix 
 
 
Diagram 
& 
Matrix 
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Views Views and their descriptions Diagram/Matrix 
SV-8 Systems & services evolution description 
– specifies the lifecycle of resources or 
systems over time in tabular form 
SV-9 Systems & services technology & skills 
forecast – in terms of short, mid and long term 
SV-9 Systems & services technology & skills 
forecast table – tabular form of SV-9 
SV-10a Systems & services rules model – text 
description of constraints that may be 
functional or non-functional 
SV-10b Systems & services state transition 
description – state diagram showing resource 
or system function response to various events 
by changing its state 
SV-10c Systems & services event-trace 
description – a time-ordered examination of the 
interactions between functional resources 
SV-11/DIV-3 Physical data model – often an 
entity relationship style diagram 
SV-12 Matrix – configuration of resources that 
can delivery a specified service 
Matrix 
 
 
Diagram 
 
Matrix 
 
Matrix 
 
 
Diagram 
 
 
 
Diagram 
 
 
Diagram 
 
Matrix 
Technical/ 
Standards 
Articulate applicable Operational, Business, 
Technical, and Industry policy, standards, 
guidance, constraints and forecasts 
 
 
 StdV-1 Standards Profile - Defines the 
technical, operational, business standards, 
guidance and policies applicable 
StdV-2 Standards Forecast - Describes any 
expected changes to content of StdV-1 
StdV-2 Standards Forecast table – is StdV-2 in 
tabular form 
Matrix 
 
 
Diagram 
 
Matrix 
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Table D.3 – Definitions of concepts represented in DoDAF 2 Conceptual Data 
Model* (refer Figure 6.12) 
Concept Definition 
Activity Action (work) that transforms inputs (Resources) into outputs 
(Resources) or changes their state 
Agreement A consent among parties regarding the terms and conditions of 
activities that said parties participate in 
Architecture 
description 
Information describing an architecture, may include one or more 
of the specified views 
Capability The ability to achieve a Desired Effect under specified 
(performance) standards and conditions through combinations of 
ways and means (activities and resources) to perform a set of 
activities 
Condition The state of a environment or situation in which Performer 
performs 
Constraint The range of permissible states for an object 
Data Representation of information in a formalised manner suitable for 
communication, interpretation, or processing by humans or by 
automatic means.   
Desired Effect The result, outcome, or consequence of an activity 
Guidance An authoritative statement intended to lead or steer the execution 
of actions 
Information The state of something that is materialised – in any medium or 
form – and communicated or received 
Location A point or extent in space that may be referred to physically or 
logically.  Includes points, lines, volumes, regions, installations, 
facilities and addresses, both physical and electronic. 
Materiel Equipment, apparatus or supplies that are of interest, without 
distinction as to its application (for administrative or combat 
purposes) 
Measure The magnitude of some attribute of an individual thing" 
Measure Type A category of Measures 
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Concept Definition 
Organisation A specific real-world assemblage of people and other resources 
organised for an on-going purpose 
Performer Any entity – human, automated, or any aggregation of human 
and/or automated – that performs an activity and provides a 
capability 
Person Type A category of persons defined by the role or roles they share that 
are relevant to an architecture 
Project A temporary endeavour undertaken to create Resources or 
Desired Effects 
Resource Data, Information, Performers, Materiel, or Person Types that are 
produced or consumed 
Rule A principle or condition that governs behaviour; a prescribed 
guide for conduct or action 
Service A mechanism to enable access to a set of one or more 
capabilities, where the access is provided using a prescribed 
interface and is exercised consistent with constraints and policies 
as specified by the service description.  The mechanism is a 
Performer.  The capabilities accessed are Resources – 
Information, Data, Materiel, Performers  
Skill The ability, coming from a person’s knowledge, practice, aptitude, 
etc, to do something well 
Standard Accepted specifications or criteria for products, processes, 
procedures, policies, systems, and/or people 
System A functionally, physically, and/or behaviourally related group of 
regularly interacting or independent elements, that may include 
materiel and person type.  
Vision An end that describes the future state of the enterprise, without 
regard to how it is to be achieved; a mental image of what the 
future will or could be like 
* Source: USA Department of Defence (2009a)  
" ‘Thing’ is similar to ‘object’; ‘Individual’ is a ‘thing’ that exists as an individual whole, or as a 
single member of a category.  
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E.1	Survey	questionnaire	
The following five images are of the survey questions as presented to recipients, 
although these images were captured from the survey Administrator (Admin) 
screens. 
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E.2	Survey	responses	
The following matrix provides all information for the 37 survey responses received.  
Responses are numbered 1 to 37 and are represented by a row in the column 
headed ‘Response Key’.   
All other columns in the matrix are headed by the survey question number and 
option, where applicable, to which the column refers, starting with Question 1 Option 
= CEO of organisation, represented by column 2 headed “Q1CB1 CEO of 
organisation”, and ending with Q43.  
All the results (Q1 to Q43) for responses 1 to 18 are presented before the results for 
responses 19 to 37.  There are 12 pages of results for each of these two groups of 
responses. 
Where the cell content is too large for the available space, that content is replaced 
with a numbered Note.  The content represented by each number is provided as a 
Note at the end of the matrix. 
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Notes to matrix:   
Where the cell content is too large for the available space, that content is replaced with a 
numbered Note.  The content represented by each Note is as follows: 
1. Sec./Treasurer of local Landcare group co-operating with Shire in looking after the 
Reserve 
2. Federal MERI framework including program logic development.  MS excel 2008 
Windows  Multiple databases  DSE PIRS  DSE CAMs   Trust for Nature database  
DSE atlas of Victorian Wildlife 
3. We use the full suite of Microsoft programs plus ArcView and the CSIRO 'S Plus' 
software.  Other databases have been written in-house. 
4. Members experienced in: business management; research and monitoring; website; 
banding manager; education and communication engineering and maintenance; 
land management' conservation and environment. OH&S and finance 
5. A number of programs associated with invertebrates, fire recovery etc 
6. Fungi species mapping, frog survey, bat roost box survey, all monthly 
7. Management and enhancement of biodiversity, particularly in relation to control of 
feral animals (goats and foxes) and weeds 
8. Grassland management, when and how much to graze, to burn or not. 
9. Ensuring staff take adequate time off between monitoring activities. 
10. Frequency of monitoring of revegetated sites, species range to be reintroduced to 
the reserve, risk management of bat roost box project as boxes are all 6 m above 
ground, accessed by extension ladder 
11. Funding for the ongoing management of pest plants & animals, maintenance of 
infrastructure & policing of vandalism etc 
12. Regional NRM body supports management of multiple reserves 
13. The different stakeholders and their values & perspectives on 'how' the area should 
be managed and for what purpose 
14. Weed control, management of walking tracks, management of horse riders, 
vandalism 
15. Destroying feral animals.  Public access.  Aboriginal joint ownership 
16. Koalas are iconic and an attraction, even in unsustainable numbers. Flying-foxes are 
perceived as vermin and disease carrying 
17. Provide support and funding for on ground works relating to nature refuges 
18. Adaptive management system for the Tasmanian Wilderness World Heritage Area; 
Monitoring and Reporting System for Tasmania's National Parks and Reserves; 
statutory management plans; Tasmanian government project management template 
19. We have no experience of these and suspect that they have little relevance to 'on 
the ground' work by communities in relatively small parks and reserves - there is 
such a thing as over- complexity inhibiting optimized results. 
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20. I notice now that I should not have clicked tools that I am unfamiliar with - but cannot 
'undo'.  So to correct my above answers, I have no knowledge of soft systems; 
systems thinking (if this is a specific tool); or the tools in Q18-25 
21. Dog regulations, recreation verse conservation, horse/vechicle regulations 
22. The ever increasing public use as local population expands. Environmentally hostile 
use and vandalism 
23. Community relations and environment conservation 
24. Management of dingoes and wild dogs are conflict in protected areas and outside 
protected areas. Otherwise water quality is the most sensitive issue in the reserve 
my answers relate 
25. Use of prescribed fuel-reduction burning to manage surrounding public land and use 
of fire in management generally. 
26. Human - Wildlife interactions and invasive species impacts 
27. Control of weeds, litter and pollution, erosion of creek banks, revegetation 
28. Politically sensitive issues e.g. anything that would require additional government 
funding or is controversial or unpopular with the public 
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Appendix F  
Aspects of management and 
associated legal provisions 
for nature reserves in the 
Australian Capital Territory, 
Australia  
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The international, national and territory legislation applicable to nature reserves in 
the Australian Capital Territory, Australia, is provided in Table F.1, together with 
summary descriptions of F.2 relevant provisions.  These descriptions are then used 
to derive a list of reserve-related human activities to be managed, as listed in Table 
F.2.   
The following list of management activities in alphabetical order is based on Table 
F.2: 
• asset maintenance 
• education 
• maintain environmental services 
• maintenance of cultural/traditional attributes 
• management plan 
• no direct or intentional interference or indirect interference with enjoyment of 
neighbouring land 
• prevent and inhibit outbreak of fire 
• prohibit propagation/spread of prohibited plants/animals 
• protection of natural/cultural features 
• provision of emergency services to reserve users 
• recreation/tourist use 
• research 
• resource extraction/sustainable use of resources 
 
Source references for Table F.1: 
AustLII (undated)  
IUCN (1994) 
National Reserve system Task Group (2009) 
Raff (2011) 
UNESCO (2013) 
United Nations (1992) 
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Table F.1 – Legislation applicable to nature reserves in the Australian Capital 
Territory, Australia 
 
Legal basis Application to a reserve  
International  
IUCN For each reserve category a set of objectives and their 
priority 
Objectives are: 
Scientific research 
Wilderness protection 
Preservation of species and genetic diversity 
Maintenance of environmental services 
Protection of natural/cultural features 
Tourism and recreation 
Education 
Sustainable use of resources from natural ecosystems 
Maintenance of cultural/traditional attributes 
World Heritage 
Convention (clause 
111 of Operational 
Guidelines) 
Must have management system: 
• share understanding by all stakeholders 
• cycle of planning, implementation, monitoring, 
evaluation and feedback 
• involve parties and stakeholders 
• allocate necessary resources 
• capacity-building i.e. ensure professional 
development/training of local staff 
• accountable, transparent description of how 
management system functions 
High-level skills and multi-disciplinary approach necessary for 
protection, conservation and presentation, and awareness 
raising and research 
Convention on 
Biodiversity 
Must set aside and manage areas to conserve biodiversity, 
and promote protection of ecosystems, natural habitats and 
the maintenance of viable species 
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Legal basis Application to a reserve  
National  
Australia’s National 
Reserve System 
Strategy 2009-2030 
Apply adaptive management strategies: 
• cycle to assess/reassess, plan/replan, implement, 
monitor, evaluate 
Common Law Trespass: no direct or intentional interference with enjoyment 
of land neighbouring reserve 
Private nuisance: no direct interference with enjoyment of 
land neighbouring reserve 
Environment 
Protection and 
Biodiversity 
Conservation Act 
1999 
Assessment and approval of actions in respect of threatened 
species and their ecological communities 
Protection of listed species 
Means to arrest threatening processes 
  
Territory Australian Capital Territory example 
Nature 
Conservation Act 
1980 (ACT) 
Protection of declared and protected species and their 
ecological communities 
Measures to arrest threatening processes 
Pest Plants and 
Animals Act 2005 
(ACT) 
For any ‘prohibited’ plant or animal: 
• not to be propagated or kept 
• not to be allowed to spread 
• dispose with care 
Planning and 
Development Act 
2007 (ACT) 
Development of management objectives and plans of 
management for defined reserve areas 
Emergencies Act 
2004 (ACT) 
Obligation to prevent and inhibit the outbreak of fire in reserve 
area 
Common Law 
modified by Civil 
Law (Wrongs) Act 
2002 (ACT) 
Negligence; occupier’s liability: 
• take care not to act or omit to act in situations where it 
is reasonably foreseeable that damage could ensue 
e.g. unsafe trees or walkways that could injure visitors 
to the reserve 
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Table F.2 - Reserve-related human activity to be managed as derived from the 
legislation in Table F.1 
 
Activity ID Activity description 
1.0 Maintain environmental services 
1.1 Monitor service provided 
1.1.1 Water quality 
1.1.2 Air quality 
1.1.3 Volume of carbon sequestered/stored 
1.1.4 Source of samples for breeding/propagation 
1.2 Investigate source/s of generation of detected change/s  
1.3 Implement program to address change/s 
  
2.0 Protection of natural/cultural features 
2.1 Identification of ways in which human interaction could damage 
feature 
2.1.1 Identification of strategies to minimise damaging human 
interaction 
2.1.2 Implement strategies 
  
3.0 Maintenance of cultural/traditional attributes 
3.1 Identification of ways in which human interaction could impact 
negatively on such attributes 
3.1.1 Identification of strategies to minimise/eliminate damaging human 
interaction 
3.1.2 Implement strategies 
  
4.0 Education 
4.1 Passive – availability of reserve information via academic papers, 
pamphlets, maps, displays, presentations, website, other digital 
forms 
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4.2 Active – involving people representing reserve 
4.2.1 Guided activities 
4.2.2 Presentations 
4.2.2.1 At reserve 
4.2.2.2 At non-reserve locations 
4.2.3 Media interviews 
  
5.0 Recreation and tourist use 
5.1 Access to reserve 
5.1.1 Roads  
5.1.2 Trails 
5.2 Reserve facilities 
5.2.1 Parking area 
5.2.2 Recreation/play area 
5.2.2.1 Play equipment 
5.2.3 Picnic facilities – table/seats, shelter, BBQ, rubbish/recycling 
bins 
5.2.4 Toilets 
5.2.5 Camp ground 
5.2.5.1 Water 
5.2.5.2 Showers 
5.2.6 Cabins and the like 
5.2.7 Food and beverage and souvenir outlet  
5.2.8 Provision of information 
  
6.0 Research 
6.1 Scientific research to be undertaken 
6.2 Involves collecting data (research data items); may involve 
resource extraction 
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6.3 Involves use of research equipment 
6.4 Research data to be analysed 
6.5 Results of analyses to be published (academic papers, pamphlets, 
displays, presentation, website) 
  
7.0 Resource extraction/Sustainable use of resources 
7.1 Licence/permit application assessed 
7.1.1 Specification of any conditions e.g. period of validity, and 
quantity or volume 
7.1.2 Licence issued and fee, if any, received 
7.2 Monitoring of extractions and impacts 
7.2.1 Monitoring of licences and conditions 
7.2.2 Monitoring where no licence obtained 
  
8.0 Management plan 
8.1 Develop management plan with involvement of stakeholders 
8.2 Involve stakeholders in implementation 
8.3 Plan to include actions to:  
8.3.1 Protect species and their ecological communities 
8.3.2 Identification of measures to arrest threatening processes 
8.3.3 Collection of readings of such measure  
8.4 Identify resources necessary to implement 
8.5 Use appropriately trained resources for implementation 
  
9.0 Prohibit propagation or spread of prohibited plant or animal 
9.1 Conduct regular monitoring to detect prohibit plant or evidence of 
prohibited animal 
9.2 Implement program of prohibited plant destruction 
9.3 Implement program of prohibited animal capture and/or destruction 
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10.0 Provision of emergency services to reserve users (human or 
animal) 
10.1 Arrange for search and/or rescue 
10.2 Conduct search and/or rescue 
10.3 Reserve personnel to receive appropriate training 
  
11.0 Prevent and inhibit outbreak of fire 
11.1 No access to parks on days of declared high or extreme fire danger 
11.2 Open fires not permitted during specified periods and advice 
provided to intended users and on entering reserve 
11.3 Have displayed at reserve the location of, and contact number for, 
who is to be advised by user in the case of a fire starting 
11.4 Fire fighting operations plan to exist 
11.4.1 Reserve personnel to be trained in implementing plan 
11.4.2 Reserve personnel to receive appropriate (fire fighting, 
communications, first aid) training 
  
12.0 No direct or intentional interference or indirect interference 
with enjoyment of neighbouring land 
12.1 Boundary fences and entrance ways are designed to inhibit reserve 
users from entering neighbouring land, be they human or animals 
(feral or not) 
12.2 Feral plants are not allowed to spread to neighbouring land 
12.3 Any boundary issues are raised with neighbour in a timely manner 
for joint resolution 
  
13.0 Asset maintenance program is in place 
13.1 Assets are monitored on a regular basis, for detection of existing 
and potential hazards, and to ensure good condition in order to 
maximise lifespan 
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13.2 Any repairs are undertaken as soon as identified either from the 
monitoring program or other advice received  
13.3 Reserve users are made aware of how to inform management of 
problems observed with assets 
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G.1	 Classes	and	attributes	of	the	Information	Model	(Figure	6.7)	
The classes and attributes of the information model for the nature reserve system 
depicted in Figure 6.7 are described in Table G.1, and the relationships between 
classes in Table G.2.  Class identifier attribute/s are indicated with an asterisk (*). 
Table G.1 – Descriptions of classes and their attributes in NRM system 
Information Model 
Class and its Attributes Description 
Abiotic One of two sub-classes (States) of Resource.  The other 
state is Biotic. 
Abiotic.Kind Description: A way of categorising the non-living 
elements found in a reserve  
Domain: Water, Air, and Inanimate 
Note: Soil is Inanimate, although it contains living 
organisms 
  
Academic One of four sub-classes of Publication, being an 
academic publication containing information about a 
reserve 
Academic.Title Description: Title of published academic document 
Domain: Any name assigned 
Academic.CopyHeld Description: An indication that a copy of the academic 
paper is held 
Domain: Boolean 
Academic.CopyLocation Description: A name describing where a held copy of the 
academic paper can be located. 
Could be a physical location or a location within a 
database 
Domain: Any name assigned 
  
Active One of two types of education activity involving both 
Reserve and Non-Reserve Persons 
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Active.ReservePerson Description: Reserve Person participating in Education 
activity 
Domain: Numerical value > zero 
Active,Non-
ReservePerson 
Description: Non-Reserve Person participating in 
Education activity 
Domain: Numerical value > zero 
Active.Type Description: There are three types of activity 
Domain: Guided, Presentation and MediaEvent 
  
Activity Any activity which is undertaken by humans in relation to 
a Reserve 
An activity fulfills Provision applicable to a Reserve.  
Because of the relationship between Provision and 
Reserve (Table G.2) for any particular activity both the 
Provision and Reserve names need to be known.  
*Activity.Name Description: Name assigned to an activity  
Domain: Any named assigned 
Activity.Category Description: Activities can be categorised into ones that 
are purely for the benefit of humans, and those that are 
primarily of benefit to the natural system, noting that the 
second category may also have indirect benefits to 
humans. 
Domain: Within ‘Human directed’ the categories are 
currently: Education, Recreation, ResearchProject and 
RescourceExtraction.   
Within ‘Natural System directed’ the categories are 
Modify and Monitor. 
  
Air One of three sub-classes (Kind) of Abiotic, being a sub-
class of Resource subject to ResourceExtraction 
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Air.Surroundings Description: A classification of the surrounding vegetation 
from where air sample was extracted 
Domain: Ecoregion classification system based on WWF 
standard 
  
Animalia One of four sub-classes (Kingdom) of Biotic, being a 
sub-class of Resource subject to ResourceExtraction 
Animalia.Component Description: Extraction from animalia based on removal 
of some part or all as opposed to capture, measurement 
and release.  
Domain: blood, egg, feather, fur, saliva, scat, skin, tooth 
  
Asset According to Caralli et al (2010) “an asset is something of 
value to the organisation” and four asset types are 
described in the information model: people, information, 
technology and facilities.  Significantly people assets are 
seen as being internal or external to the organisation.  
Note:  Some people as visitors to Reserves are not 
identified and/or counted in any way.  They therefore 
cannot be included as people assets in the model. 
Asset.Type Description:  There are four types of asset: equipment, 
facility, information and people 
Domain: Range of defined types of Asset is: Equipment, 
Facility, Information and Person 
*Asset.Name Description: Name assigned to Asset 
Domain: Any assigned unique name 
Examples:  Asset is a carpark (facility) at Reserve A.  
‘Name’ could be ‘carpark’ if only one carpark exists at 
Reserve A, perhaps ‘entrancecarpark’ if there is more 
than one carpark, or even Smithscarpark if it has a 
specific name. 
Asset is a hammer (equipment) of which a reserve has 
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more than one.  To identify a specific hammer each 
hammer requires a unique name, such as hammer1, 
hammer2, etc .   
  
Biotic One of two sub-classes (states) of Resource.  The other 
state is Abiotic. 
Biotic.Kingdom Description: Name of one of the 6 biological classification 
kingdoms: Bacteria, Protozoa, Chromista, Plantae, Fungi 
and Animalia 
Domain: Plantae, Fungi, Animalia and OtherKingdom 
Note: For descriptive purposes bacteria, protozoa and 
chromista are grouped together as OtherKingdom, 
although for any particular application these could be 
included 
If a research project is investigating water or soil 
bacteria, the resource extracted is water or soil (Non-
living Resource) 
  
ContentItem Displays usually comprise a number of items, such as 
photographs, diagrams, text blocks, and quotations, and 
may be made up from a range of materials, including 
paper, plastic, silkscreen, metal, wood and glass.    
ContentItem.Originator Description: Description as to from where the content 
item originated 
Domain: Any text description up to specified maximum 
length 
ContentItem.Date Description: Date when content item was originally 
produced. 
Domain: Date in year-month-day (standard international) 
format 
ContentItem.Size Description: Size of content item expressed in terms of 
standard paper size. 
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Domain: International paper sizes of A series paper, B 
series paper, postcard and US paper 
ContentItem.Type Description: The format of the content item 
Domain: Photograph, diagram, table, text, quotation 
  
Database One of four sub-classes of Information 
A repository in which all electronic information about a 
reserve and its operations is stored. 
Database.Location Description: Identification of exact location within 
database as to where specific information can be found 
Domain: Description of pathway to locate information 
  
Display One of four sub-classes of Publication. 
Information that is produced in the form of a display, 
either permanent or temporary, using text and graphics, 
including photographs, and could potentially incorporate 
electronic media (audio/visual). 
Display.Purpose Description: The intended purpose of the display e.g. 
inside an Information Centre at the reserve, at the 
entrance to a reserve, to highlight interesting features 
along a walking trail 
Domain: Any purpose assigned 
Display.Location Description: Indication of where display is erected 
Domain: Any description assigned.   
Where not located in a building, location could be 
expressed as Location. 
Display.Height Description: The height of the display in centimetres 
Domain: A number greater than 1  
Display.Width Description: The width of the display in centimetres 
Domain: A number greater than 1 
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Display.Depth Description: The depth of the display in centimetres 
Domain: A number zero or greater 
  
Document One of four sub-classes of Publication. 
Refers to non-academic document about a reserve 
Document.Type Description: Any type of document that could be 
produced, e.g. pamphlet, leaflet, paper, report, book 
Domain: Any name assigned 
Document.Size Description: Indication of overall page size of document 
Domain: International standard size 
Document.Pages Description: indication of number of pages in the 
document 
Domain: A number I or greater 
Document.Audience Description: An indication of whether document is 
designed for general population, children, researchers, 
etc 
Domain: Any category of audience assigned 
  
Education  One of four types of human directed activity.   
A reserve related activity that is education rather than 
recreation oriented or research and involves one or more 
non-reserve Person.  
Education in the sense of learning or gaining information 
about a reserve. 
Education activity must be related to a reserve but may 
or may not occur at a reserve.  For example, obtaining 
information online is related to a reserve but most likely 
not undertaken at a reserve. 
Education.Name Description: A name to reflect the key aspect of the 
activity e.g. presentation, guided activity 
Domain: Any name assigned 
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Education.Type Description:  There are two types of education activity: i) 
an activity in which at least one Reserve person is 
engaged with one or more non-Reserve people, and ii) 
activities undertaken by non-Reserve people by 
themselves. 
Domain: Active and Passive  
Education.Place Description: An indication of whether the education 
activity occurred at the reserve 
Domain: Reserve, Not at Reserve 
Education.StartTime Description: Time at which Education activity 
commences 
Domain: Time based on 24 hour clock 
Education.EndTime Description: Time at which Education activity concludes 
Domain: Time based on 24 hour clock  
  
ElextronicMedia One of four sub-classes of Publication. 
Any audio/visual materials produced 
ElectronicMedia.Type Description: Any type of electronic format assigned, e.g. 
audio, advertisement, film 
Domain: Any name assigned 
ElectronicMedia.Audience Description: An indication of whether electronic media is 
designed for general population, children, researchers, 
etc 
Domain: Any category of audience assigned 
  
Element Something within a reserve that is to be modified in some 
way. Examples include natural vegetation 
(destructive/change in order to accommodate new 
facility), weeds (clearance of infestation), fauna 
(reintroduction of species), and landscape (reshaping or 
rock placement to assist with flood control)  
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Element.Name Description: A name assigned to a particular element 
Domain: Any unique name assigned 
  
Equipment One of four sub-classes (type) of Asset 
Equipment are things that are used to create and 
maintain facilities at a reserve or to undertake research, 
and are necessary for a particular purpose, often for use 
on multiple occasions.   
Equipment.Category Description: There are five types of equipment: capture 
(C), measure (M), observe (O), tool (T) and 
transportation vehicle (V) 
Domain:  A single letter being one of C, M, O, T and V, 
unless a new category is defined 
Equipment.OwnerName Description:  Name of the owner of the equipment as a 
single string.  Could be person’s name, company name, 
reserve name, government department name, name of 
part of government agency, etc 
Domain: Any name assigned 
Equipment. LocationStore Description: A name given to the location where the 
equipment is normally stored when not in use 
Domain: Any name assigned 
Equipment.MaintenanceFr
equency 
Description: The maximum period an item of equipment 
can be left without being maintained/serviced/cleaned as 
required to maintain satisfactory operation 
Domain: Will be dependent on Equipment.Category but 
includes: after every use, annual, after x hours of 
operation, after y kilometres 
Equipment.DateLastMaint
enance 
Description: The date when last 
maintained/serviced/cleaned 
Domain: Date in year-month-day (standard international) 
format 
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ExternalInfluence An external influence is something that impacts on the 
nature reserve but is external to the reserve.   
Examples of such influences are water pollution from 
source external to reserve, destruction of adjoining 
natural habitat for development purposes, natural 
disasters (storm, flood & fire), pollution, and 
economic/political aspects over which reserve 
management has no control. 
ExternalInfluence.Name Description: A name assigned to a particular occurrence 
Domain: Any unique name assigned 
ExternalInfluence.Type Description: A way of classifying external influences  
Domain: Any unique name assigned 
ExternalInfluence.StartDat
e 
Description: An indicator of when the influence on the 
reserve was detected 
Domain: Date in specified format 
ExternalInfluence.EndDat
e 
Description: An indicator of when the influence on the 
reserve ceased 
Domain: Date in specified format 
  
ExternalInfluenceImpact A way of describing the impact on a reserve of an 
external influence.   
ExternalInfluenceImpace.I
mpact 
Description: Any descriptive text describing the impact 
Domain: Any string of text within the set limit. 
Note: Further examination may indicate that impacts can 
be categorised and quantified, thereby requiring 
additional attributes for ExternalInfluenceImpact. 
  
Facility One of four sub-classes (type) of Asset. 
A Facility is any human created feature at a reserve, 
created for the use of human activity, including 
modification of natural features (e.g. recreation area 
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mown to support ball games and the like, car parking 
area, and walking trails), and erected features (e.g. picnic 
tables, toilet blocks, bridges).  See facility in Glossary for 
more examples. 
Facility.Type Description: A name assigned to a particular facility 
Domain: Any name assigned to a type of facility  
Facility.Location See Location 
  
Fungi One of four sub-classes (Kingdom) of Biotic, being a 
sub-class of Resource subject to ResourceExtraction 
Fungi.Section Description: Extraction of fungi can range from part of an 
individual fungus to a group/family  
Domain: spore, stem, cap, whole plant, family group 
  
HumanDirected One of two sub-classes (type) of Activity, purely of 
benefit to humans 
HumanDirected.Type Description: Classification of activities undertaken purely 
for the benefit of humans 
Domain: ResourceExtraction, ResearchProject, 
Recreation and Education 
  
Inanimate One of three sub-classes (Kind) of Abiotic, being a sub-
class of Resource subject to ResourceExtraction 
Inanimate.Kind Description: Basically rocks, which can be classified into 
igneous, metamorphic, sedimentary and sediments, and 
soil.  The latter is further classified by size into boulders, 
cobble, gravel or pebbles, sand of different grades. 
Domain: Boulders, Gravel, Igneous, Metamorphic, 
Pebbles, Sand and Soil 
  
Information Information comprises facts about a Reserve that may or 
may not be publicly available, and includes results 
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obtained from research projects and data analysis.   
Publicly available information may be used for: displays, 
presentations (formal and informal), publications, 
requests (email, telephone, web or other written request), 
signage and website/s. 
Other information may be used solely for internal 
purposes, such as financial information, employee 
records, etc. 
Information.Source Description: A name assigned to a defined source of 
information 
Domain: Database, Presentation, Publication and 
Website 
Note: some of these have sub-classes 
Information.Public Description: An indication of whether the information is, 
or can be made, available publicly 
Domain:  Boolean 
  
KeyPerformer A significant ‘object’, where ‘object’ includes humans, the 
environment and any external system, that intentionally 
or otherwise impacts on operations of a reserve.     
KeyPerformer.Category Description: A description reflecting a relationship a 
Reserve 
Domain:  Any category defined; currently including 
NaturalSystem, ExternalInfluence and 
KeyPerformerPerson 
  
KeyPerformerPerson Is a subclass of KeyPerformer relating only to humans 
 
KeyPerformerPerson.Gro
up 
Description: A description reflecting currently considered 
Domain: Any category defined; but currently only 
including GeneralPublic, ManagementCommittee, 
Owner, ResourceExtractor, Supplier and Visitor 
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Legislation Is any International, National, State or local legislation 
together with any regulation and by-law which governs 
the establishment and operation of a reserve 
*Legislation.Name Description: Legal name given to a specific piece of 
legislation 
Domain: Any unique name given by the relevant authority 
Legislation.Year Description: Year of version of legislation considered for 
model 
Domain: Four digit number of valid calendar years of the 
form abcd, where a is 1 or 2, and b, c, and d take the 
value 0, 1, 2, 3, 4, 5, 6, 7, 8, or 9 
Legislation.Type Description: A descriptor to identify the level of legislation 
Domain: Legislation, regulation, by-law, standard, 
guideline  
  
Location A location within a reserve expressed in terms of latitude 
and longitude 
Location.Latitude Description: A GPS reading in degrees, minutes and 
seconds, either north (+) or south (-) of the equator (0 
degrees) in the form: indicator degrees:minutes;seconds  
Domain: Indicator + or - Degrees from 0 to 90; Minutes 
from 0 to 60; Seconds 0 to 60 
Location.Longitude Description: A GPS reading in degrees, minutes and 
seconds, either east (E) or west (W) of Greenwich in the 
UK (longitude 0 degrees) in the form indicator 
degrees:minutes;seconds  
Domain: Indicator + or - Degrees from 0 to 180; Minutes 
from 0 to 60; Seconds 0 to 60  
  
Modify One of two subclasses of NaturalSystemDirected 
activity. 
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Modify is an activity undertaken to change some element 
of the natural system at the reserve  
Modify.Description Description: Explanation of the modification being 
undertaken 
Domain: Text of maximum XXX characters 
Modify.Location Description: A location within a reserve expressed in 
terms of latitude and longitude (see Location) 
Domain: Location.Latitude and Location.Longitude  
Modify.HoursofEffort Description: Time allocated for modification activity, 
measured in hours 
Domain: A numerical value grater than zero  
  
Monitor One of two subclasses of NaturalSystemDirected 
activity. 
A regular activity undertaken in which elements of the 
natural system are measured 
Monitor.Type Description: A unique identifier for type of monitoring 
Domain: Any name assigned e.g. observation, water 
sampling 
  
MonitorSite A place within a reserve at which regular Monitor occurs 
MonitorSite.Name Description: A unique name which reflects the location of 
the site where monitoring occurs 
Domain: Any name assigned 
MonitorSite.Locaion Description: A Location within a reserve expressed in 
terms of latitude and longitude 
Domain: Location.Latitude and Location.Longitude 
  
NaturalSystem The ecosystem comprising the nature reserve.  A 
number of systems of classification for natural systems 
exist and a range of attributes suitable for international 
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application would need to be agreed.  Australia currently 
uses: ecoregion and bioregion, which are used here for 
illustrative purposes.  
NaturalSystem.Ecoregion Description:  WWF classification of regions with a 
geographically distinct groups of plants and animals that 
have evolved in relative isolation, separated by features 
such as oceans or high mountain ranges. 
Domain: Unique identifier to represent each ecoregion 
NaturalSystem.Bioregion Description: A more detailed subset of the WWF 
ecoregion classification 
Domain: Unique identifier to represent each biocoregion 
NaturalSystem.Endangere
dSpecies 
Description: An indicator of whether natural system has 
at least one recognised endangered species 
Domain: Boolean 
NaturalSystem.InvasiveSp
ecies 
Description: An indicator of whether natural system has 
at least one recognised invasive species 
Domain: Boolean 
  
NaturalSystemDirected An activity primarily of benefit to the natural system at a 
reserve, noting that the activity may also have indirect 
benefits to humans. 
NaturalSystemDIrected.O
bjective 
Description: A unique identifier to represent objective of 
activity 
Domain: Any name assigned 
NaturalSystemDirected.Ty
pe 
Description: Classification of the types of natural system 
directed activity 
Domain: Modify and Monitor 
  
NaturalSystemOtherOrg
anisation 
Identification of non-human living organisms recorded at 
a reserve, for all reserves individually.   
Reserve.Name See Reserve 
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Ecoregion See NaturalSystemEcoregion 
OtherOrganism.Name See OtherOrganism 
  
Non-Reserve Person One of two sub-classes of Person 
A person stakeholder who has some relationship with at 
least one Reserve but is not engaged by the reserve in 
either paid or unpaid activities at the reserve 
NonReservePerson.Type Description: All person stakeholder types minus those 
person types defined as ReservePerson 
Domain:  see Appendix H and  in Figure 6.8 
  
OtherKingdom One of four sub-classes (Kingdom) of Biotic, being a sub-
class of Resource subject to ResourceExtraction 
OtherKingdom.Source Description: Extraction of these may involve removal of 
sample of water, air or host 
Domain: name of source 
  
OtherOrganism One of two types of Stakeholder; the identifier for 
stakeholders that are not humans.  OtherOrganism 
stakeholders are non-human living organisms that may 
be impacted by activities at a Reserve. 
OtherOrganism.Kingdom Same as Biotic.Kingdom 
OtherOrganism.GroupSiz
e 
Description: An indication of whether OtherOrganism is 
singular or representative of a group by size 
Domain: A numerical value ≥ 1 
  
Passive  One of two types of Education activity involving only 
NonReservePerson (that is, no ReservePerson is 
involved). Passive education is where a non-reserve 
person accesses Reserve information for self-education 
purposes.   
A
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Depending on the form of the information accessed, 
details about what, when, who or how many people, may 
never be available.  For example, reading information on 
displays signs at a reserve. 
In other situations, self-recording of visit (payment of 
camping fees) or use of walking trail (signing in a log 
book provided at start of trail) provide evidence of use, 
and downloads may be a viable measure of online 
publication access.  
Passive.Non-
ReservePerson 
Description:  Involvement of Non-Reserve Person in self 
education activity (where known) 
Domain:  A numerical value > zero 
Passive.ReservePerson Description:  Involvement of Reserve Person in Passive 
Education activity 
Domain:  Always zero 
  
PerformanceMeasure Performance is the process of carrying out or 
accomplishing an action, task or function/operation seen 
in terms of success criteria or goals.  Performance 
measures are used as the basis for performance 
assessment. 
There are three types of performance measure: 
output/workload measures, efficiency measures, and 
outcome/effectiveness measures. 
If possible, performance measures adopted should have 
multiple uses, in order to maximise the benefit from the 
cost of collecting them. 
Performance measures need to reflect the roles and 
requirements applicable at a reserve. 
Note:  there is likely to be a set of performance measures 
for any reserve 
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PerformanceMeasure.Na
me 
Description: A name assigned to reflect the context and 
content of the performance measure.   
Domain:  Any name assigned. 
Examples include number of vehicles visiting reserve per 
day, per week or per annum; number of camping permits 
issued per week by week of year; number of days 
between asset damage detection and repair completion. 
PerformanceMeasure.Typ
e 
Description: There are three types of performance 
measure: output/workload measures, efficiency 
measures, and outcome/effectiveness measures 
Domain: A (output/workload measure), B (efficiency 
measure) and C (outcome/effectiveness measure) 
Note: provides a check on appropriate naming of the 
performance measure 
The different measure types are related: 
- a type B measure is of the form: 
 (measure of type A)/(measure 2 of type A) 
- a type C measure is of the form: 
 (measure of type A or Type B)/TargetValue 
PerformanceMeasure.Val
ue 
Description: The value determined for the named 
performance measure, based on information collected for 
the reserve. 
Domain: A valid numerical value for the specified 
performance measure 
Target.Value Description: A value for predetermined/estimated/goal for 
PerformanceMeasure.Name 
Domain:  Numerical value within range dependent on the 
PerformanceMeasure selected 
  
Person Person comprises anyone (a human stakeholder) who 
uses reserve assets to undertake an activity related to a 
reserve. 
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Note:  the activity may not necessarily be undertaken at 
the reserve e.g. booking a camp site on-line. 
Person is both a type of Stakeholder and type of Asset  
Person.Category Description:  A description reflecting the relationship of 
the person to a reserve and whether engaged in activities 
as reserve representative  
Domain:  ReservePerson and NonReservePerson 
See Appendix H and  in Figure 6.8 for stakeholder 
types comprising each Person.Category 
  
Plantae One of four sub-classes (Kingdom) of Biotic, being a sub-
class of Resource subject to ResourceExtraction 
Plantae.Part Description: Extraction of plant material can range from 
parts of a plant e.g. seed through to clearance of all 
vegetation in an area. 
Domain: Seed, Seed capsules, Bulbs, Leaf, Flower, 
Whole plant, and All 
  
Presentation One of four sub-classes of Information, in which the 
information is available in the form of a presentation. 
Presentation.Date Description: The date on which the presentation was or 
will be given 
Domain: Date in year-month-day (standard international) 
format 
Presentation.Time Description: The time when the presentation was 
scheduled 
Domain:  24 hour clock 
Presentation.WhereGiven Description: A name of the location where the 
presentation was /or will be given 
Domain: Any name assigned 
 
A
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Presentation.LocationStor
e 
Description: A name for the location where the original 
presentation is stored 
Domain: Any name assigned 
  
Provision A Provision is a specific part of applying Legislation that 
establishes reserve and identifies the roles and 
requirements pertaining to a reserve and includes the 
purposes for which a Reserve is established. 
Purposes may include research, wilderness protection, 
education, tourism and recreation, resource extraction, 
preservation of species and genetic diversity, and 
maintenance of environmental services and of specific 
natural/cultural/traditional/heritage features. 
Requirements may include asset maintenance, 
prohibiting propagation or spread of prohibited plants or 
animals, or no direct, intentional or indirect interference 
with enjoyment of neighbouring land. 
A Reserve normally has more than one provision 
applying to it. 
*Provision.Name Description: Name given to uniquely identify the provision 
Domain: Any name assigned 
  
Publication One of four sub-classes of Information 
Publication.Date Description: The date the information was printed, 
formally published, or was displayed. 
Domain: Date in year-month-day (standard international) 
format 
Publication.Category Description: There are three identified publication 
categories:  
Domain: Academic (for formal academic papers), 
display/signage (for  ) and pamphlet (any ) Any 
audio/visual materials produced 
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Publication.Author Description: Unique name representing author/s of 
publication 
Domain: Any name assigned 
Publication.Publisher Description: Name of publisher of information 
Domain: Any name assigned 
  
Recreation  An activity undertaken by Recreation Users to a 
Reserve who use at least one Facility at the Reserve, 
and possibly reserve people and Information 
Examples include guided walk with a ReservePerson in 
charge, self-guided walk, use of picnic facility, and use of 
camp ground 
Recreation.Name Description: A name assigned to a particular activity e.g. 
Spring 2013 Guided Walk 
Domain: Any name assigned 
Recreation.Organised Description: Whether the recreation (activity) is reserve 
organised  
Domain: Boolean 
Recreation.Duration Description: Duration in hours 
Domain: Numerical value, rounded to nearest half hour 
Recreation.Location Description: The name of the place where activity is to 
take place, the initial meeting place 
Domain: Any name assigned 
Recreation.Fee Description:  Cost charged by reserve for recreation user 
to participate in activity in dollars and cents 
Domain: Value ≥ 0.00; equals 0.00 if free 
Recreation.ActualParticip
ants 
Description:  Number of people who participate in the 
activity 
Domain: A numerical value ≥ 0.  A zero value indicates 
an organised activity did not proceed 
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Recreation.MaximumParti
cipants 
Description: The maximum number of people who can 
participate in the activity. 
Domain: A valid positive numerical value.  If no limit, 
value is zero 
  
Recreation User A person stakeholder who visits a reserve purely for 
recreation purposes and is a type of Person.Category  
Includes people referred to as tourists. 
RecreationUser.Name Same as Stakeholder.Name for category 
Stakeholder.Type = Person 
RecreationUser.Category Description: A way of categorising a recreational/tourist 
user  
Domain:  Day visitor, Camper, Tour leader 
RecreationUser.AgeGrou
p 
Description: A means of classifying recreation users to 
assist in planning different facilities 
Domain:  Infant, Child, Teenager, Young Adult, Adult 
  
Research Person Is a sub-class of NonReservePerson  
ResearchPerson.Name  Same as Stakeholder.Name for category 
Stakeholder.Type = Person 
ResearchPerson.Role Description: An identifier of the key role a person has in a 
research activity.  
Domain:  manager, lead, collector, analyst, reviewer, 
author 
Note:  If person is associated with more than one role, 
then select role based on prime activity 
ResearchPerson.License Description: An indicator of whether or not the person 
holds a license to operate specific equipment 
Domain:  Boolean (Yes – holds at least one relevant 
license; No – has no relevant license) 
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ResearchPerson.License.
Type 
Description: A license or certification requirement to 
operate specific equipment either as part of data 
collection or incidental to that. 
Domain: Includes driver license e.g. for vehicle or boat, 
fire arms license, collection permit e.g. to collect seeds, 
to trap animals, to catch birds, certification to operate 
specialist scientific equipment 
  
Research Project Research activities are represented by research projects 
the aim of which is to collect and analyse reserve data 
with a view to providing ‘facts’ to guide conservation and 
sustainable use activities at a reserve 
*ResearchProject.Name  
 
Same as Activity.Name of Activity.Type = 
ResearchProject 
Description: Name assigned to reflect key aspect of 
research  
Domain: Any name given, preferably unique for a 
particular reserve, but same name can apply to different 
reserves. 
Note:  It is possible for a project to apply to more than 
one reserve.  
ResearchProject.Type Description: A means of classifying differences between 
projects undertaken 
Domain: A unique code to represent each of the 
classifications defined 
Classification could involve a number of different 
variables such as Internal/External, and major focus of 
research.    
  
Research Site  Location/site within a reserve from which 
data/information is obtained for one or more research 
projects  
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*ResearchSIte.Name Description: A name given to a location within a reserve 
from which data/information is obtained 
Domain: Any name assigned to the location within the 
reserve 
ResearchSite.Description Description: Information to describe precisely where on a 
map of the reserve the research site is located 
Domain: A map grid reference valid for the reserve map 
ResearchSite.Location See Location 
ResearchSite.Type Description: A means of classifying differences between 
locations within a reserve.  For example, could be based 
on non-scientific descriptors such as top of hill, gully, flat, 
forest, and grassland, or a scientific descriptor such as 
bioregions 
Domain: A unique code to represent each of the types 
defined  
ResearchSite.Suitabiity Description: For each research site location within a 
reserve a means of indicating the suitability of that 
location for collecting specific research data items 
Domain: A unique code to represent each of the 
suitability types defined 
For example, site access may only be possible at certain 
times (low-tide), only on foot or by boat; site has water 
flow all year; or site close to boundary with neighbor who 
uses pesticides. 
  
Reserve A clearly defined geographical space (terrestrial and/or 
marine), recognised, dedicated and managed through 
legal and other effective means, to achieve long-term 
conservation of nature with associated ecosystem 
services and cultural values. 
*Reserve.Name 
 
Description: Legal name given to the reserve 
Domain: Any unique name given by the relevant authority 
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Reserve.Country 
 
Description: Country in which reserve is located, 
represented by its unique 2-letter international code from 
ISO 3166 Codes for the representation of names of 
countries and their subdivisions – Part 1: Country codes. 
Domain: Valid 3-letter upper case code for each country 
Reserve.Region Description: Region within a specific Country represented 
by its string of up to 3 alphanumeric digits from ISO 3166 
Codes for the representation of names of countries and 
their subdivisions – Part 2: Country subdivision codes. 
Domain: Valid 1 to 3 alphanumeric code for each region 
Note:  If no region applies, assign code 999 
Reserve.LocalArea Description: Local area within a specified Region/Country 
identified by an assigned unique code of up to 3 letters. 
Domain: Any combination of 3 letters 
Note:  There is no international definition for these 
Reserve.IUCN Description: The IUCN classification nature reserve 
system for protected area categories, which identifies the 
management objectives for each category. 
Domain: Values are IA, IB, II, III, IV, V and VI; if no 
category assigned value is U = unknown 
  
ReserveActivity An activity undertaken at a specific reserve linked to the 
provisions applying to that reserve. 
*ReserveActivity.Name Same as Activity.Name 
ReserveActivity.Category Same as Activity.Category 
ReserveActivity.StartDate Description: Date of activity if duration is less than one 
day, or start date of activity if longer than one day. 
Domain: Date in a specified format 
ReserveActivity.EndDate Description: End date of activity where activity is longer 
than one day 
Domain: Date in a specified format 
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ReservePerson One of two sub-classes of Person. 
ReservePerson.Type Description:  A stakeholder person who is engaged by a 
reserve in paid or unpaid activities at the reserve 
Domain: Employee (including contractors) and 
Volunteer 
  
Resource  Resource comprises material forming the natural system 
within a reserve that has benefit to humans if removed 
from the reserve.  This includes both living (flora, fauna 
and other living organism) and non-living materials (once 
living, inanimate and water).  
*Resource.Name Description: The name assigned to a resource. 
Domain: Any name so assigned 
Resource.State Description: An overarching classification of material that 
could be extracted.   
Domain: ‘Biotic (Living)’ and ‘Abiotic (Non-living)’ 
  
ResourceExtraction Extraction is the process of removing from a reserve 
something belonging to the natural system of that 
reserve (a resource).   
Extraction can be either legal or illegal, for research 
purposes, to support the livelihood of native peoples, to 
support endangered species breeding programs, etc  
Extraction excludes activities that involve capture and 
release, or sampling (e.g. water); however, if 
invertebrates are removed from a water sample or blood 
is taken from an animal that is then released, both of 
these activities involve extraction. 
ResourceExtraction.Meth
od 
Description: A categorisation of the way in which the 
resource is being extracted 
Domain: Any categorization applied 
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ResourceExtraction.Locati
on 
Description: Indication within Reserve from where 
material has been extracted 
Domain: Text of maximum XXX characters 
 
ResourceExtraction.Quant
ity 
Description: Amount of resource (see Resource.ID) being 
extracted 
Domain: A numerical value 
ResourceExtraction.Units Description: Units for the measurement of what is 
extracted.   
Could be expressed in terms of volume (litres of air or 
water), mass (cubic metres of gravel), length (metres 
fencing), etc  
Domain: Any valid measurement unit 
ResourceExtraction.Permi
t 
Description: an indication of whether the extraction was 
legal  
Domain: Boolean (Legal and Illegal) 
  
Stakeholder Any living organism that has an interest in at least one 
reserve.  That interest may not necessarily include being 
present at the reserve. 
People are stakeholders, but not all stakeholders are 
people as defined herein.  People are represented by the 
object ‘Person’. 
*Stakeholder.Name Description: A name given to a stakeholder 
Domain: Any name assigned to the stakeholder 
Note:  In many situations the name of an individual 
stakeholder will not be known.   A generic name 
combined with a unique identifier will be required for 
specific identification.  A group name may also be 
applicable. 
Examples include for individuals - person, child, 
kangaroo, and eucalypt tree, and for groups - kangaroo 
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mob, tour bus and eucalypt stand.   
Stakeholder.Type Description:  Stakeholders can be humans (including 
human organisations) or other living organisms 
associated with a reserve 
Domain: Person and OtherOrganism 
  
TaskMethod An approach being used to modify is some manner the 
natural system of a nature reserve 
*TaskMethod.Name Description:  A unique name assigned for a particular 
task method 
Domain:  Any name assigned 
  
Water One of three sub-classes (Kind) of Abiotic, being a sub-
class of Resource subject to ResourceExtraction 
Water.Source Description: An indication from where the water (sample) 
was extracted  
Domain: river, creek, isolated creek pool, rain pool, flood 
water, rain, etc 
  
Website One of four sub-classes of Information for which the 
Information is available from a website 
Website.URL Description: The specific web reference to where the 
information has been uploaded 
Domain: standard URL format 
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G.2	 Relationships	of	the	Information	Model	(Figure	6.7)	
In Table G.2 relationships are listed in alphabetical order of the first class describing 
the relationship, with the first class determined by alphabetical order of the classes 
forming that relationship.  
 
Table G.2 – Class relationships in the Information Model for the NRM system 
Classes forming 
relationship  
Relationship description 
Asset - Reserve Assets comprise Person, Equipment, Facility and 
Information 
For a Person asset, if the person is a ReservePerson or 
a Volunteer there is a link to a particular reserve, but for 
all other Person types no ongoing relationship with a 
particular reserve can be assumed.  On this basis, a 
person would belong to either no reserve or one 
particular reserve.  However, it is feasible for persons 
associated with a particular reserve to have relationships 
with one or more other reserves.  The Asset-Reserve 
relationship for a Person is: 
- Person is associated with zero or more Reserve.  
A starting assumption might be that any equipment 
belongs to a particular reserve.  However, there are 
situations where equipment is shared or borrowed 
between reserves and or hired for a particular activity.  
To address sharing and hiring Equipment has the 
attribute Ownername, so that any piece of equipment is 
only ever associated with a reserve, so: 
- Equipment belongs to one Reserve, where ‘belongs to’ 
refers to the current reserve having the equipment 
By definition a facility has a relationship with only one 
reserve.  The Asset-Reserve relationship for a facility is 
therefore: 
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Relationship description 
- Facility belongs to one Reserve 
Information about a reserve ‘belongs to’ that reserve, 
though some information has the potential to be 
associated with more than one reserve.  For example if a 
research project is undertaken at more than one reserve.  
There is always some information about a reserve (e.g. 
date of establishment) so that the Information-Reserve 
relationship for Information is: 
- Information belongs to at least one Reserve 
When combined, the Asset-Reserve relationship is: 
- Asset belongs to zero or more Reserve, with the 
constraint that for both Equipment and Facility 
the relationship is restricted to: 
- Asset belongs to one Reserve. 
For the reverse relationship, every reserve has at least 
one asset given the above reference to there being some 
information about every reserve, so: 
- Reserve has one or more Asset. 
Asset - ReserveActivity Every reserve-related activity undertaken requires the 
involvement of at least one asset, since the purpose of 
the model is the management of human activity.   More 
than one person, and zero or more other assets may be 
involved in any particular ReserveActivity 
 
For any particular asset there is the possibility that it is 
not involved in any activity.  An example is a specialist 
tool required for a particular task and that task has never 
eventuated.  
The relationship between Asset and ReserveActivity is: 
- Asset is involved in zero or more ReserveActivity, 
and 
- ReserveActivity involves one or more Asset. 
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Classes forming 
relationship  
Relationship description 
ContentItem - Display Any display related to a reserve comprises a number of 
items, which together form the content of the display.  
There must be at least one item forming the content, 
otherwise the display cannot exist. 
Any item has the potential to be reused for different 
displays, a desirable outcome for economical reasons.  
The relationship between ContentItem and Display is: 
- Display comprises one or more ContentItem, and 
- ContentItem can be used in one or more Display. 
Element - TaskMethod The relationship between Element and TaskMethod 
results in the association class Modify, since any modify 
activity comprises a method of modification being used 
on an element of the reserve.   
The choice of TaskMethod is dependent on the reserve 
element involved, and many elements may require use of 
the same TaskMethod. 
Actual use of a particular TaskMethod in relation to a 
particular element may have an impact on other reserve 
elements.  For example, using a bulldozer to remove 
weeds in a particular area would have an impact on, at 
least, other plants and the soil in that area. 
Hence,  
- TaskMethod impacts on one or more Element, and  
- Element can be impacted by one or more 
TaskMethod. 
ExternalInfluence - 
Reserve 
There are many influences on a reserve that have an 
external source.  Examples are: polluted water entering 
reserve, destruction of adjoining natural habitat for 
development purposes, natural disasters (storm, flood & 
fire), air pollution, and economic/political aspects over 
which reserve management has no control.  The impact 
on the reserve may be positive or negative.  
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Relationship description 
By definition an ExternalInfluence is something that 
impacts on a reserve, therefore, any ExternalInfluence 
considered must impact on at least one reserve but could 
impact on more.  
For any particular reserve it is possible, though not likely, 
that there will be no external influences.  Hence,  
- Reserve is impacted by zero or more 
ExternalInfluence, and 
- ExternalInfluence impacts on one or more 
Reserve. 
The association class ExternalInfluenceImpact allows 
for the impact on a reserve to be recorded. 
KeyPerformerPerson - 
Person 
KeyPerformerPerson are groups of people with a 
common ‘attribute’.  For example, people who visit a 
reserve are all categorised as Visitor, while at the same 
time each is classified by one of the types of Person. 
A person, for example of type ‘neighbour’, may visit the 
reserve to participate in a meeting of the Management 
Committee, and is both a Visitor and a 
ManagementCommittee type of KeyPerformerPerson. 
The relationship between KeyPerformerPerson and 
Person is: 
- Person can belong to one or more 
KeyPerformerPerson, and 
-  KeyPerformerPerson contains one or more 
Person 
The association class PersonKeyPerformerGroup 
allows for the recording of membership of more than one 
KeyPerformerGroup.  
Legislation - Provision For many pieces of legislation only a subset of its 
clauses apply to the establishment and operation of a 
nature reserve.  The applicable clauses are referred to as 
Provisions. 
A piece of Legislation may therefore contain one or 
                                                                                                                  Appendix G 
___________________________________________________________________ 
 
359 
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Relationship description 
more Provision specified as applying to nature reserves. 
A particular Provision is usually specified by one piece 
of legislation, but may be elaborated on in a regulation or 
guide, and so 
- Provision can be specified by one or more 
Legislation. 
Legislation - 
Stakeholder 
Many reserve stakeholders may have no interest in the 
legal framework under which the reserve was established 
and operates.  Also, a particular piece of legislation may 
be of no interest to any stakeholder.  
The relationship between Legislation and Stakeholder 
is: 
- Stakeholder is interested in zero or more pieces of 
Legislation, and 
- Legislation is of interest to zero or more 
Stakeholder. 
MonitorSite - Reserve When measurements of some aspect of the natural 
system are taken at the same site within a reserve on 
repeated occasions the location is referred to as a 
MonitorSite.   By definition, such a site can only be 
located within one reserve.   
Not all reserves have regular measurement activities, 
hence there are reserves that have no MonitorSite. 
The relationship between MonitorSite and Reserve is: 
- MonitorSite is located at one Reserve,  
- Reserve has zero of more MonitorSite 
The monitoring activities as represented by the 
association class Monitor are dependent on a Reserve 
having at least one MonitorSite. 
NaturalSystem - 
OtherOrganism 
Every natural system comprises many non-human living 
organisms, with the number and range of types of 
organism varying across types of natural system 
(ecoregions). 
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For any particular type of organism, there must be at 
least one ecoregion in which it is found, although it may 
be able to live in more than one type of natural system.  
The relationship between NaturalSystem and 
OtherOrganism is: 
- NaturalSystem contains one or more 
OtherOrganism, and 
- OtherOrganism is contained in one or more 
NaturalSystem 
The association class NaturalSystemOtherOrganism  
NaturalSystem - 
Reserve 
The relationship between NaturalSystem and Reserve 
allows for different types of natural system existing within 
a particular reserve.   
By using a standard classification of natural system 
descriptions, for any particular reserve a specific type of 
natural system may not exist at that reserve.  For 
example, a region containing glaciers is not found in a 
desert region. 
 
Specifically: 
- Reserve may comprise one or more 
NaturalSystem, 
-  NaturalSystem can apply to zero of more Reserve 
 
PerformanceMeasure - 
ReserveActivity 
There are many potential performance measures that 
could be used to assess a reserve in terms of a single 
purpose or a group of related purposes, recognising that 
various reserve activities are designed to fulfill reserve 
purposes.  
A particular reserve activity could be reflected in many 
different performance measures. 
A particular performance measure may take into account 
no reserve activity or many.   
The relationship between PerformanceMeasure and 
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Classes forming 
relationship  
Relationship description 
ReserveActivity is: 
- PerformanceMeasure is used to assess one or 
more ReserveActivity, and 
- ReserveActivity is taken into account by zero or 
more PerformanceMeasure 
PerformanceMeasure - 
Stakeholder 
How well a particular reserve fulfills its purposes is 
assessed through the use of performance measures.  
Owner and ReservePerson stakeholders are likely to be 
keenly interested, but reserve performance may well be 
of little concern to some other types of stakeholder. 
The involvement of a stakeholder in activities at a 
particular reserve could be impacted by a performance 
measure, e.g. the number of visitors per annum  
The relationship PerformanceMeasure and 
Stakeholder is: 
- PerformanceMeasure is of concern to one or 
more Stakeholder 
- Stakeholder is interested in zero or more 
PerformanceMeasure  
The association class 
StakeholderPerformanceMeasure identifies the 
particular performance measures of interest to each 
stakeholder.  If the interest of stakeholders is unknown, 
this class could have no values. 
Provision - Reserve One or more provisions define the purposes (sometimes 
expressed as objectives) of a reserve (Section 3.3.1 
provides an example from Tasmania), with the same 
provisions often applying to multiple reserves.  
A provision has to apply to at least one reserve, since 
only clauses of Legislation applicable to reserves are 
classified as a Provision. 
On the other hand, one or more provisions define the 
roles of a particular reserve, and there may be more than 
one reserve defined by the same set of provisions. A 
reserve must have at least one provision applying;        
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Relationship description 
for no provision to apply the reserve does not meet the 
definition of a reserve as used herein. 
Hence,  
- Provision defines the purposes of one or more 
Reserve 
- Reserve is defined by one or more Provision. 
The association class ProvisionReservePurpose 
identifies the specific provisions applying to each 
Reserve. 
A reserve fulfills its purposes by the undertaking of 
activities; that is, a reserve fulfills at least one provision.  
Multiple reserves may also fulfill the same provision.   
One or more provisions are fulfilled by a reserve 
undertaking those activities, and the reserve activities 
enable the reserve to fulfill the requirements of relevant 
provisions.  Each provision must be fulfilled by activities 
related to at least one reserve.   
The association class Activity is dependent on a 
relationship between Provision and Reserve. 
Whether the roles of a reserve are achieved is reflected 
in an assessment of performance. 
The association class PerformanceMeasure Is 
dependent on a relationship between Provision and 
Reserve. 
ProvisionReservePurpo
se - Activity 
A reserve fulfills its purposes (as defined by provisions) 
by undertaking activities.  The activities undertaken to 
meet a particular provision may differ between reserves 
where that provision applies.   
The relationship between ProvisionReservePurpose 
and Activity is: 
- ProvisionReservePurpose is fulfilled by 
undertaking one or more Activity, and 
- Activity fulfills one or more 
ProvisionReservePurpose 
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Classes forming 
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Relationship description 
The association class ReserveActivity is dependent on 
the relationship between ProvisionReservePurpose 
and Activity. 
ResearchProject - 
ResearchSite 
Any in-field research to be undertaken at a reserve 
requires the identification of one or more research sites.  
A research site can only be located at one reserve.  
Other ‘not in-field’ research does not require a research 
site. 
If no research is being undertaken at a particular reserve, 
that reserve will have no identified research sites. 
The relationship between ResearchProject and 
ResearchSite is: 
- ResearchProject utilises zero or more 
ResearchSite, and 
- ResearchSite is used for one or more 
ResearchProject. 
The association class ResearchProjectResearchSite is 
dependent on ResearchProject and ResearchSite and 
identifies all the research sites within each Reserve. 
Reserve - Stakeholder Stakeholder refers to any living organism with an interest 
in a reserve.  Since this encompasses the flora and 
fauna and other living organisms of the natural system at 
the reserve, every reserve has at least one stakeholder 
to which or whom the reserve is important. 
For Person stakeholders in particular, that interest may 
be in more than one reserve.   
The relationship between Reserve and Stakeholder is 
therefore: 
- Stakeholder has interest in one or more Reserve, 
and 
- Reserve is important to one or more Stakeholder.  
The association class ReserveStakeholder allows for 
identification of all stakeholders interested in each 
individual reserve. 
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Relationship description 
Reserve - Resource Any specific resource may not be found at a particular 
reserve, but at the same time every reserve has at least 
one resource, due to the existence of native flora and 
fauna.  
The relationship between Reserve and Resource is: 
- Reserve has one ore more Resource, and 
- Resource is found at zero or more Reserve 
The association class ResourceExtraction is dependent 
on a relationship between a specific resource being 
available from a particular reserve. 
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Table	H.1	–	Stakeholder	types	and	their	descriptions	
Type of stakeholder Description 
Employee (paid reserve 
personnel) 
Manager, administrator, professional (specialist, 
ranger), operational supporter engaged in work 
activities associated with a reserve 
Environmentalist 
(Environmental activist) 
A person or organisation with a passion to protect the 
natural system environment and actively engaged in 
environment related activities 
General enquirer A person who seeks information about a reserve and is 
not any other type of stakeholder  
Government Any level of government with an interest in the reserve, 
including political representatives, their advisers, and 
government departments and their employees 
Local community Any person or group that lives or operates in the region 
surrounding a reserve, including the indigenous 
community 
Media Any person or organisation undertaking media activity 
relating to a reserve e.g. interviewer, journalist, & film 
crew 
Natural system of nearby 
reserve 
See OtherOrganism 
 
Neighbour Adjoining land owner 
Non-reserve person All person (human) stakeholders not a reserve person 
OtherOrganism (Non-
human living organism) 
Any living organism that is not a human within the 
natural system of a reserve.  May be singular or a 
number of the same type referred to collectively, or a 
collective unit such as natural system of nearby 
reserve. 
Owner Person or organisation (government or private) who 
has title to the legally defined reserve, but not 
government representative who is included at 
Government 
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Recreation and/or tourist 
user 
A person who visits a reserve to enjoy the benefits 
offered in terms of recreational and tourist activities 
available at the reserve, including school students 
Researcher A person who undertakes data collection at a reserve 
and/or its subsequent analysis e.g. academic, student 
and technician 
Reserve Person (paid 
reserve personnel) 
Manager, administrator, professional (specialist, 
ranger), operational supporter 
Resource extractor A person or organisation who removes material from a 
reserve, either legally or illegally, e.g. company, 
contractor, hunter, researcher, poacher, thief and 
plunderer 
Service beneficiary An external to reserve person, organisation on non-
human living organism that receives a benefit from a 
reserve, such as access to clean water  
Service provider A person or organisation that provides a fee-for-service 
to a reserve, such as transport, mail, utility supplier, 
facility operator, waste remover, cleaner, emergency 
service, and contractor/consultant 
Supplier A person or organisation that provides supplies and 
arranges their delivery to a reserve, both consumables 
and assets 
Volunteer (unpaid) A person undertaking work activities associated with a 
reserve for which no compensation is paid e.g. guide, 
information collector, research assistant, working bee 
participant, operational assistant, member of 
management committee 
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Table	H.2	–	Types	of	Key	Performer*	
Type of Key Performer Description 
Controller Anyone or any organisation that has policy/operational 
control over reserve management, including 
determining governance.  Includes owner, and 
potentially government agencies. 
General Public Anyone who seeks information about a reserve when 
not at the reserve, such as intending visitors, media, 
students, environmentalists, neighbours, local 
community, or people whom reserve management 
seeks to influence. 
Management Committee Stakeholders participating in setting directions and 
priorities for reserve management, often representing 
stakeholder types such as neighbours, local 
community, researchers and government agencies. 
Reserve Management People who are engaged in management of activities 
at, or associated with, the reserve, including employees 
and volunteers. 
Resource Extractor Someone (individual person or company/organisation) 
who removes something from the natural system, be it 
legal (seed collection) or illegal (animal poaching).   
May include researcher. 
Supplier Someone (individual person or company/organisation) 
who provides supplies (equipment and/or 
consumables) to the reserve. 
Visitor Someone who actually visits the reserve, including 
recreational and tourist users, researchers, members of 
management committee, volunteer when not engaged 
in reserve management activity, suppliers, and service 
providers. 
* Relates to Figure 6.12 
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Appendix I  
Interpretation of the DoDAF 
Conceptual Data Model 
(CDM)34 
Understanding the Conceptual Data Model (CDM) behind the DoDAF architecture 
framework is important to comprehending the application and use of the seven 
viewpoints and their views that comprise that framework.   
The following is a guide to interpreting and moving between the concepts in the 
CDM with reference to an NRM system, commencing with Vision and presented in 
four groups of associated objects (rather than in alphabetical order as in Table D.3): 
Group 1 What is to be done and why  
Group 2 What is being used  
Group 3 Measurement  
Group 4 Policy framework  
  
                                                
34 As in US DoD (2009a) 
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Group 1 - What is to be done and why (green components in Figure 6.10) 
These are the objects that capture data to address what is to be done and why.  
They are: Vision, Desired Effect, Activity and Project, together with Capability, which 
is included in Group 1 due to its relationships with Desired Effect and Activity 
• Visions are realised by Desired Effects,  
• Desired Effects drive Activities,  
• Activities combine to form a Project, and  
• a Project has Desired Effects.  
 
Group 1 NRM system related comment 
Vision Vision is a statement of the future of the NRM system, not a 
statement of the vision for a nature reserve, although a nature 
reserve will obviously be affected by the former.  Based on the 
understanding of management from Chapter 3, this means through 
the management of the impact of human activity on the nature 
reserve, where such human activity may or may not occur at the 
nature reserve.  Vision is translated into goals and objectives, the 
Desired Effects, which drive management priorities. 
Desired effect As previously identified in section 3.3, the challenge in managing to 
objectives is to translate the latter into human activity, and the use 
of the set of questions commencing with ‘Who, What, When, 
Where, Why and How’ is directly applicable in translating the 
Desired Effects into Activities. 
Activity Management’s role is to identify and assign the necessary 
resources to undertake each activity, and to have the activity 
completed according to any applicable Rules (Group 4) and the 
necessary Measures for the activity generated (Group 3). 
Project A Project is an endeavour consisting of a number of Activities, often 
of a temporary nature.  For example, a Project aimed at increasing 
the number of visitors participating in an education activity at a 
reserve includes a range of activities of which two could be i) 
increase the size of the parking area, and ii) improve direction 
signage in the local area, both of which involve a number of 
activities and therefore are also Projects. 
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Capability Capability is not an (operational) activity.  Capability is a description 
of what could be undertaken as an activity/project and how, should 
the need arise.  
For example, an ability to provide search and rescue services is a 
capability.  In order to have that capability certain activities need to 
have been undertaken previously, with others undertaken on a 
regular basis to maintain readiness.  Having appropriate equipment 
available and maintained ready for use, people appropriately 
trained, and communication procedures detailed are all aspects of 
providing a search and rescue capability.  However, if the search 
and rescue services are to be provided by people and equipment 
external to reserve resources, then another aspect of capability is 
ensuring appropriate arrangements are in place to provide the 
search and rescue capability when needed.  Shared communication 
procedures, having someone available with knowledge of the nature 
reserve, even a written service agreement might be required. 
 
Group 2 - What is being used (orange components in Figure 6.10) 
There is one major object in Group 2: Resource35, which includes all types of 
resource required to undertake an Activity to achieve Desired Effects.  There are 
three types of Resource identified in the CDM: Information (Data and architectural 
description), Materiel, and Performer (Person Type, Organisation, Service and 
System).  These are equivalent to ‘Assets’ in Figure 6.7. Two further objects, 
Location and Condition, are included in Group 2 because Performers undertake 
Activities at Locations, and Performers are required to perform under particular 
Conditions. 
Resources used to achieve nature reserve activities need not necessarily be owned 
by or assigned to the reserve.  Examples are: 
• A person could be: reserve employee, other employee from same 
organisation, volunteer, supplier, contractor, external researcher, etc.   
• An equipment item could be: onsite, located at a nearby reserve, owned by a 
contractor, hired, provided by the operator, etc.  
                                                
35 Resource as used in the DoDAF CDM should not be confused with Resource in the nature 
reserve information model Information Model at Figure 6.7. 
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Group 2 NRM system related comment 
Information 
and Data 
The CDM differentiates between Information, which describes some 
‘thing’ (material, temporal or abstract), which can take many forms, 
such as textual description, diagram, image, model, and specimen, 
and Data, which is the representation of Information in a formalised 
manner, suitable for communication, interpretation, or processing by 
humans or automatic means.  
 
A sketch map of the walking tracks within a nature reserve that is 
not drawn to scale provides Information; a map drawn to a scale 
that is indicated on the map and/or distances are marked provides 
Data. 
Materiel The use of ‘materiel’ reflects the military genesis of DoDAF.  In the 
context of nature reserves, materiel refers to equipment and 
supplies and most facilities. 
Performer Person type – A ‘person type’ associated with many nature reserves 
is ‘volunteer’.  There may be more than one volunteer (hopefully) 
but each volunteer is someone who undertakes activities associated 
with the reserve for which they receive no monetary compensation.  
Organisation - The owner of a nature reserve may be an 
organisation, either private or public.  Organisation might also refer 
to the group of people based at a reserve, the regional office 
responsible for the reserve, or the government agency with policy 
oversight of the reserve. 
Service - Assume a Capability associated with a particular reserve 
is the existence of overnight campsites.  To access that capability, 
an intending camper can only book a campsite online and must pre-
pay.  The Service involves provision of a web-interface that 
intending campers can access to select a specific campsite and 
date/s, and then pay online. 
System – In order to support overnight campsites, there is the need 
to ensure campsites are accessible and maintained (and numbered 
or named if booking is online), toilet (and possibly shower) facilities 
are serviced (cleaned and supplies available) and garbage is 
managed.  This could be identified as the ‘camp ground 
maintenance’ System. 
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Location Research site in Figure 6.7 is a Location 
Condition An environment related condition example is when wind strength 
and direction and/or air temperature must be within specified 
bounds for an activity of fuel reduction burn to commence as part of 
fire mitigation activities. 
 
Group 3 – Measurement (yellow components in Figure 6.10) 
There are many ways in which measurement is incorporated into DoDAF 2: 
• The effect of Activities is measurable. 
• The performance of Activities by Performers is subject to Measures. 
• The consumption or production of Resources by Activities is measurable. 
• A Condition has metrics (Measures). 
• A Resource has Measures. 
• Certain types of measure (Measure Type) apply to an Activity. 
• There are Measures associated with a Project. 
• Desired Effects are measurable. 
• Skills are measurable 
To ensure consistency throughout any architecture description, any Measure and 
associated Measure Type to be used in the description is defined. 
 
Group 3 NRM system related comment 
Measure Refers to actual measure value, and units of some attribute.  For 
example, if size of nature reserve is the attribute, then the value 
assigned to size is expressed in terms of an area measure such as 
acre, hectare, square miles or square kilometres. 
Measure Type Each Measure Type has a Rule that prescribes how the Measure is 
accomplished.   For example, the ‘size of nature reserve’ measure 
is of Measure Type = area, where the ‘rule’ is that area is defined as 
the surface area contained within the legal boundary of the reserve. 
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Group 4 – Policy Framework (blue components in Figure 6.10) 
The final group of objects has been titled Policy Framework because the objects – 
Guidance and Rule (including Standard [functional and technical], Agreement and 
Constraint) provide context as well as impacting on the manner in which Activities 
can be undertaken.  In the terminology of Figure 6.7, this includes the Provision and 
Legislation classes.  
Rules are important because:  
• they prescribe exact procedures and constrain Activities,  
• both consumption of Resources by Activities and the performance of 
Activities by Performers are subject to Rules, and  
• measurements are taken in accordance with Rules. 
Group 4 NRM system related comment 
Guidance In contrast to the prescriptive nature of Rules, Guidance allows for 
interpretation.  The difference between Guidance and Rule can be 
illustrated by considering the different purposes of an architect’s 
plan of a new building, say, at a reserve.  The architect’s plan 
provides ‘guidance’ to the builder in the form of design and layout of 
intended use of the building, and also specifies the building 
materials.  If the building is being built with a metal frame, then the 
size of each piece of required metal will be subject to engineering 
calculations based on the mandated ‘rules’ governing the 
construction of metal framed buildings. 
Rule Governs the manner in which an Activity is conducted. 
Examples relating to a nature reserve include:  
• application of Occupational Health and Safety requirements,  
• person to have training before being able to use particular 
equipment,  
• person may require licence or permit to undertake activity,  
• no vehicle (motorised or otherwise) may be used in the reserve, 
and  
• specific procedures are to be followed for sample collection. 
Standard Any formalised specification or criteria that impacts on how an 
activity is undertaken at a nature reserve.  Could apply to products 
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(e.g. how a facility is built and operated), processes (e.g. how 
information is analysed), procedures (how sampling occurs and 
measurements taken), policies (e.g. types of activity for which 
volunteers may be used), systems (specifications for the way data 
is recorded) and personnel (e.g. application of OH&S 
requirements). 
Agreement Agreement in the context of nature reserves is likely to be a formal 
agreement specifying the terms and conditions under which 
particular Activities may occur. 
Examples are: 
• a permit required to collect samples specifies how the samples 
may be collected and how many 
• an agreement between an academic and nature reserve 
management on what services can be provided to assist the 
academic conduct research at the reserve 
• an individual participating in a managed activity at the reserve is 
required to indicate their agreement to obey all instructions given 
by the leader of the activity 
Constraint The formal definition of ‘constraint’ in DoDAF is: the range of 
permissible states for an object. 
Constraints can be functional (governing behaviour), non-functional 
(governing physical aspects) and derivations (involve algorithms 
used to compute facts). 
Examples: 
person state: 
• available for activity 
• engaged on activity 
• on leave 
gate state: 
• openable only during specified hours 
• not openable 
camping limited to defined number of campsites: 
• camp site available 
• camp site occupied 
• all camp sites occupied 
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CDM Summary 
Following a path through the DoDAF CDM (Figure 6.10) as proposed with Groups 1 
to 4 above, is a process for identifying what needs to be taken into account at a very 
high level, and provides a basis for identifying the particular viewpoints and their 
views to use in creating an architecture description of the NRM system.  The 
examples used for each Group illustrate the definitions of the concepts comprising 
the CDM (Figure 6.10 and Table D.3), and demonstrate the range of information 
and data that needs to be captured to truly understand the NRM system.   
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Glossary  
The following terms and their definitions have been adopted in the context of 
modelling the nature reserve management (NRM) system. 
Term Definition 
abiotic Not derived from living organisms, e.g. climate factors, 
structure and composition of soil, and water 
activity/activities Actions taken in order to achieve specific aims 
action The process of doing something 
activist 
(environmental 
activist) 
Person or organisation engaged in campaigning to bring 
about change in relation to a reserve 
adaptive 
management 
Based on information gathered about an environment and 
interactions with that environment, and identifying regularities 
in that information, condensing those regularities into a 
‘model’ and acting in the real world on the basis of that model 
anthropocene The current geological age, viewed as the period during 
which human activity has been the dominant influence of 
climate and the environment  
architecture 
description 
A description of a particular system described in terms of an 
architecture framework comprising multiple viewpoints and 
their views, and using a common language. 
aspect A specific way in which something can be considered 
asset An item owned by a reserve and expected to be used over an 
extended period e.g. equipment and buildings 
biophysical 
environment 
The complex of biotic, climatic, and abiotic factors that act 
upon an organism and determine its form, survival, and how it 
adapts over time in the process 
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Term Definition 
biotic Involving living organisms, e.g. animals, plants, 
microorganism  
campsite An area set aside at a nature reserve where visitors to the 
reserve are able to stay overnight in tents, caravans or similar 
consumable Any item to be used up at a reserve and then replaced 
controller An identifier to represent the key performer that is the owner 
or organisation having policy/operational control of reserve 
corporate See ‘controller’, often referred to as ‘head office’ 
ecological Concerned with the relationships between living organisms 
and their surroundings 
environmentalist See ‘activist’ 
equipment An item necessary for a particular purpose for use on multiple 
occasions: 
Capture: trap, mist net, etc 
Measurement: counter, rain gauge, calipers, pH meter, etc 
Observation: scope, binoculars, camera 
Tool or handheld device that aids in accomplishing a task: 
shovel, hammer, etc 
Transport is a means of moving people, other equipment or 
supplies within the reserve: bicycle, boat, car, truck etc 
external influence Aspects over which reserve management has no direct 
control, such as natural disasters (storm, flood & fire), 
pollution, and economic/political 
facility Any human created feature at a reserve, created for the use 
of human activity, including: accommodation, barbeque, boat 
launch ramp, bridge, camping area, display, elevated 
walkway, information centre, parking area, picnic shelter, 
picnic table, playground, playground equipment, recreation 
area (e.g. mown area for ball games), road, signage, store, 
toilet and associated building, and trails 
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Term Definition 
feedback The effect that change in one part of a system has on the 
very same part after passing through a chain of effects in 
other parts of the system. 
general enquirer Anyone who seeks information about a reserve and is not 
classified as a particular type of stakeholder 
general public Anyone who seeks information about a reserve when not at 
the reserve, such as intending visitors, activists, media, 
students, environmentalists, neighbours, local community, 
and general enquirers, or anyone whom reserve 
management seeks to influence 
government Group of people with authority to govern a country, state or 
region and their representatives  
head office See ‘corporate’ 
issue An important topic for consideration 
key performer Significant performer in a system, and may represent one or 
more types of performer 
local community Persons or organisation from the surrounding area with an 
interest in a reserve 
management Activities undertaken by one human, or more working 
together, to achieve agreed objectives 
management 
committee 
Stakeholders participating in, or setting directions and 
priorities for, reserve management 
management of 
nature reserve 
Management of human activity and its influence on the nature 
reserve 
non-reserve person Person who is neither reserve employed person nor volunteer 
media Person or organisation disseminating information about a 
reserve, with or without approval of reserve management 
natural system The physical environment within the reserve and all the 
organisms living therein 
nature reserve Any type of ‘protected area’ 
A clearly defined geographical space, recognised, dedicated 
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Term Definition 
and managed through legal or other means to achieve long-
term conservation of nature with associated ecosystem 
services and cultural values 
neighbour Person or organisation owning or living on properties that 
adjoin or could be affected by activities at a reserve 
owner Person or organisation that owns a reserve and is 
responsible for management thereof 
parameterisation The process of deciding and defining the parameters 
necessary for a complete or relevant specification of a model. 
performer Any entity – human, automated, or aggregation thereof, 
that performs an activity 
protected area Any area that has been identified for the protection of 
habitats including living organisms within that habitat, 
irrespective of any statutory or non-statutory identification 
assigned to the area, whether the area is managed 
privately, by government or other environment 
organisation, and whether or not the area is subject to 
sustainable resource usage 
recreation user Person who visits reserve to engage in recreational 
activity, including tourism and educational activity 
researcher Person or organisation who is authorised to undertake a 
research project at a reserve 
reserve See ‘nature reserve’ 
reserve 
management 
Management of human activity in relation to a reserve 
reserve person Person who is employed by owner of reserve or volunteer 
recruited to undertake activities at reserve 
resource extractor Person or organisation that removes something from the 
natural system, be it legal (e.g. seed collection) or illegal (e.g. 
animal poaching) 
service provider Person or organisation who provides a service to a reserve, 
such as utility provider, cleaner, equipment maintainer, and IT 
services provider 
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Term Definition 
stakeholder Any living organism having an interest in a reserve 
supplier Person or organisation that provides supplies to the reserve, 
either consumables or assets 
system dynamics The way the state of the system changes over time in 
response to both external (exogenous) and internal 
(endogenous) forces 
tourist See ‘recreation user’ 
use case In UML defines the interaction/s between actor/s (key 
performer/s) and the system under consideration to 
accomplish a goal 
vehicle A means of transport used to convey person stakeholders to, 
and within, reserve 
view A representation in diagram, matrix, or text, form depicting a 
viewpoint of an architecture description 
viewpoint One of a number of ways of viewing or examining a system 
via an architecture description   
A viewpoint comprises a number of views 
visitor Person who actually visits the reserve, including tourist & 
recreational users, researchers, and members of 
management committee 
volunteer Person who undertakes activities at a reserve on behalf of 
owner, and for no financial gain 
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